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M71- SERIES 

MODEL 6/16 

GENERAL DESCRIPTION 



INTRODUCTION 

The Model 6/16 combines advanced circuits and packaging designs to give the user a price/performance optimized machine. 
The Model 6/16 is completely upward compatible with INTERDATA Models 3, 4, 74, 7/16 Basse Processor user instruc- 
tion, interrupt handling, input-output formats and control sequencing. In addition, many of the- powerful features of the 
INTERDATA Models 5, 70 and 80 are included. Because of this compatibility, the Model 6/16 can use the wide range of 
existing software and peripheral devices. 

The Model 6/16 offers a comprehensive set of 96 instructions making the system both easy to program and efficient to 
operate. Through multi-function instructions and direct core addressing, coding and debugglig time is reduced to a 
minimum. 

Memory is addressable to the eight-bit byte level. Memory is expandable from the basic 8,192 l*/tes to 65,536 bytes. All 
memory is directly addressable with the primary instructions, no paging or indirect addressing is required. Sixteen 16-Bit 
General Registers can be used as Accumulators, fifteen of which can also be used as Index Registers. Register-to-Register 
instructions permit operations between any of the sixteen General Registers, eliminating redundant loads and stores. 

The Model 6/16 also provides a flexible Input/Output system in addition to conventional means of programmed I/O. In the 
Automatic I/O Service Mode, the Processor acknowledges all I/O interrupts and automatically performs much of the 
overhead prior to activating the Interrupt Service Routine. 

Up to four Direct Memory Access Devices can be added to a Model 6/16 Memory System. This thannel operates over the 
common Memory Bus, on a cycle stealing basis, through a Direct Memory Access Port which islbuilt into the Processor. 
Two types of Direct Memory Access Channels can be used with the Model 6/16 System: The. Selector Channel, which 
permits direct data transfer between any standard oriented INTERDATA device controller andimemory; and the Direct 
Memory Access Channel custom designed by the user for special applications. In addition, an Instruction Steal DMA is 
supported which allows high speed burst transfer over the I/O Bus. 

SCOPE 

This document is intended to enable the digital technician to understand the INTERDATA documentation system. 
Number Notation, the Part Numbering System, and the Drawing System are described. Illustratfons are provided to help 
understand these systems. Other pubHcations which may be of interest to Model 6/16 users are shown in Table 1. 

A cross reference between INTERDATA part numbers and standard industry part numbers for the ICs and transitors found 
in the Model 6/16 may be found in Appendix 1. 



TABLE 1. RELATED PUBLICATIONS 



TITLE 


PUBLICATION NUMBER 


16-Bit Reference Manual 
Model 6/16 Maintenance Manual 
Multiplexor Bus Buffer Instruction Manual 


29-398 
29-470 
29-267 
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BLOCK DIAGRAM 

A block diagram of the Model 6/16 is shown in Figure 1. The Model 6/16 is a 16-Bit digital computer. 



Part No. 
35-604 



Description 

CPU 
MEMORY 



Card File Position 

7 



MEMORY 
T — 



PROCESSOR 



I/O 
CONTROLLERS 



POWER 




Figure 1. Model 6/16 Simplified Block Diagram 

DOCUMENTATION 

This section describes the style and conventions used with INTERDATA documentation. 

Number Notation 

The most common form of number notation used in INTERDATA documentation is hexadecimal notation. In this system, 
groups of four binary digits are represented by a single hexadecimal digit. Table 2 lists the hexadecimal characters 
employed. 

TABLE 2. HEXADECIMAL NOTATION DATA 



Binary 


Decimal 


Hexadecimal 


Binary 


Decimal 


Hexadecimial 


Binary 


Decimal 


Hexadecimal 


0000 








0110 


6 


6 


1100 


12 


C 


0001 


1 


1 


0111 


7 


7 


1101 


13 


D 


0010 


2 


2 


1000 


8 


8 


1110 


14 


E 


0011 


3 


3 


1001 


9 


9 


1111 


15 


F 


0100 


4 


4 


1010 


A 


A 








0101 


5 


5 


1011 


B 


B 









To differentiate between decimal and hexadecimal numbers, hexadecimal numbers are preceded by the letter "X", and the 
number is enclosed in single quotation marks. Examples of hexadecimal numbers are X'1234', X'2EC6', X'A340', 
X'EEFA',andX'10B9'. 
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Part Numbering System 

INTERDATA parts, drawings, and publications use a common numbering system. The part number and drawing numbers 
for drawings which describe the part are related. The publication number is often related to the part number of the device 
or program described. Figure 2 shows the format used for INTERDATA part numbers. The fields are described in the 
following paragraphs. 

A 
B 
C 
D 
FNN MNN RNN E NN 



XX 



YYY 



CATEGORY SEQUENCE FUNCTIONAL MANUFACTURING REVISION 

* ■ , ' 

VARIATION 
Figure 2. Part Number Format 



SIZE 



TYPE 



DRAWING 



Category Field 

The two-digit Category Number indicates the board class or category to which a part belongs. Typical examples of category 
number assignments are : 

01 — Basic Hardware Systems 

02 — Basic Hardware Expansions 

03 — Basic Software Systems 

04 — Software Packages 

05 — Micro-programs 

06 — Test Programs 

07 — Subroutines of General Utility 
1 — Spare Parts Packages 

1 2 — Card File Assemblies 

13 — Panels 

1 7 — Wire and Cables 

1 9 — Integrated Circuits 

20 — Transistors 

27 — Peripheral Equipment 
29 — Manuals 

34 — Power Supplies 

35 — Assembled Printed Circuit Boards 

36 — Electro-Mechanical Devices 

Sequence Field 

The Sequence number identifies a particular item within the category. Sequence numbers are assigned serially, and have no 
other significance. 

NOTE 

The Sequence Field, like all other part number fields, may be 
lengthened as required. The field lengths shown on Figure 2 are 
minimum lengths (insignificant zeros must be added to maintain 
these minimums). 

Functional Variation Field 

The optional Functional Variation Field consists of the letter "F" followed by two digits. The F field is used to distinguish 
between parts which are not necessarily electrically or mechanically equivalent, but which are des<;ribed by the same set of 
drawings. For example, a power supply may be strapped internally to operate on either 110 VAC or 220 VAC. Except for 
this strap, all power supplies of this type are identical. The strapping option is easily described by' a note on the assembly 
and test specification drawings. Therefore, this is a functional variation. 

Manufacturing Variation Field 

The optional Manufacturing Variation Field consists of the letter "M" followed by two digits. 

The M Field is used to distinguish between parts which are electrically and mechanically equivalent (interchangeable), but 
which vary in method of manufacture. For example, if leads are welded instead of soldered on an assembly, the M Field 
changes. 
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An important exception to the meaning of the M Field exists for categories related to software. In software, the M Field 
number, when used, indicates the form in which a particular program is presented. For example, define a program as a set 
of machine instructions. These same identical instructions may be presented on punched cards, paper tape, or magnetic 
tape; and for any of these they can be in symbolic form or in relative or absolute binary form. Thus, there are many ways 
to present the same identical program. 

The format for the M Field and its meaning for software is: 

Mxy 

where x identifies the media selection (i.e.. Paper Tape, Magnetic Ta])e, Cassette, etc.) and y identifies object or source and 
the format. 



Meaning of x 


Meaning of y 


Conceptual 
Paper Tape 1 


1 Object program standard 
format 3 2- Bit Processor 


Cassette 2 
Magnetic Tape (800 BPI) 3 


4 Memory image 
6 Object Program standard 
format 16-Bit Processor 


Cards 4 
Disc (2.5 MB) 5 


7 Object non-standard format 

8 Object established task 


Disc (10 MB) 6 
Magnetic Tape ( 1 600 BPI) 7 


9 Source program 



These numbers refer to the physical program placed on an approved media for INTERDATA Software. A Paper Tape 
Object program is standard format and for a 16-Bit Processor has an Ml 6 identifier. A Magnetic Tape Object program is 
standard format and for a 32-Bit Processor has an M31 identifier. 

In addition to the foregoing, there are three unique M numbers which have special meaning: 



00 


Conceptual Object 


91 


32 Bit Object Listing 


92 


Programming Specifications 


95 


Program Description 


96 


16 Bit Object Listing 


98 


Operating Procedures 


99 


Documentation and Manuals 


Revision Field 





The optional Revision Field consists of the letter "R" followed by two digits. The R Field is used to indicate minor 
electrical or mechanical changes to a part which do not change the part's original character. The R field changes often 
reflect improvements. A part with a revisions level HIGHER than the one specified can be used; however, a part v^dth a 
revision level LOWER than specified should not be used. 

NOTE 

A part number must contain a Category number and a Sequence 
number. All other fields are optional. 

Drawing Field 

The optional Drawing Field consists of a letter from "A" to "E" followed by two digits. The letter indicates the size of the 
original drawing. The sizes for each letter are: 

A-8y2"x 11" 
B- H"xl7" 

C-17"x22" 
D - 22" X 34" 
E-34"x44" 
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The two digits indicate the drawing type as follows: 



01 - Parts List 

02 — Machine Details 

03 — Assembly Details 

05 - Art Details 

06 - Wire Run List 

08 — Schematic 

09 — Test Specification 

10 — Purchase Specification 

1 1 - Bill of Material 

1 2 — Information 

13 — Program Listing 

14 — Abstracts 



1 5 — Program Description 

1 6 — Operating Instructions 

17 — Program Design Specifications 
18 -Flow Charts 

1 9 — Product Specification 

20 — Installation Specification 

21 — Maintenance Specification 

22 — Programming Specificatioh 

23 — Replaceable Parts List 

24 — Application Information 

25 — Functional Specifications 



Examples 



The following list provides some examples of the part numbering system. The numbers were arbitrarily selected, and in 
most cases are fictitious. 



35-060 
35-060M01 

35-060F01 

35-060-ROl 

35-060A01 

35-060B08 

06-072 

06-072A12 

29-060 



The 60th printed circuit board assigned a part number under this system. 

A printed circuit board electrically and mechanically interchangeabfc with the 35-060, but 
differing in method of manufacture. 

A printed circuit board not electrically and mechanically interchangeable with the 35-060, but 
described by the same set of drawings. 

A revised 35-060 printed circuit board which probably supercedes the 35-060. 

The 8% by 1 1 inch parts list for a 35-060. 

The 1 1 by 17 inch schematic for a 35-060. 

An SVi by 1 1 inch listing of the 06-072 program. 

An 8V2 by 11 inch information dramng on the 06-072 program. Probably a part of the program. 

The 60th manual assigned a number under this system. Note that this niiinber is not referenced in 
any way to the part number of equipment described in the manual. 



Drawing System 

This section describes the drav^dngs provided with INTERDATA equipment. Dravwngs provided with peripheral devices and 
other purchased items may vary from the system described in this section. 

A digital system may be divided into a collection of functionally independent circuits such as Meanory, Processor, and I/O 
Device Controllers. These circuits may or may not be saleable units in their own right, but in tht electrical sense they are 
essentially self contained and capable of performing their function with minimum dependence ori other functional circuits 
in the system. Hence a functional circuit is treated as a building block. Each schematic contains a variety of information 
including type and location of discreet Integrated Circuits (IC's), pin connections, all intei connections within the 
schematic, connector pin numbers and connections to other schematics. Further, the schematics ie drawn to reflect, in an 
orderly fashion, all logical operations performed by the circuits. Generally, symbols used oii schematics conform to 
MIL-STD-806B. 

Registers are named according to the following rules: 

1. The register mnemonic name has a maximum of three letters, excluding "I, O, Q, and Z". 

2. Each bit in the register is numbered, usually starting at 00 on the left, or niost significant positions, 
and continuing to N-1 on the right, where N is the number of bits in the register. 

3. The 00 bit is the Most Significant Bit and the N-1 is the Least Significant Bit. 

The IC's mounted directly on the logic board are represented on the schematic dravwngs by logic symbols. Each symbol 
contains the reference designation, device part number (category and sequence), and symbol mnanonic designation. Refer 
to Figure 3. 
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SAME SHEET DESIGNATION 

ANOTHER SHEET DESIGNATION 
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RD06I 



05 




NAMEI 



OMI 
2A2 
8K4 



Figure 3. Example of a High Speed AND Gate 



The designations, numbers, and references shown in Figure 3 are: 



A20 



This shows the components location on the logic board. Figure 4 illustrates the method generally used to 
determine component location on a logic board. With the logic board oriented so that the header 
connnectors (Conn and Conn 1) are on the right, the components are numbered from left to right 
starting in the upper left corner. That is, the first IC in the upper left corner is 01 and the first capacitor 
is CI. 



ciD 



C50 



I API I I A02 1 1 A03l 



AI3 



All II AI2 



CONNECTOR I 



CONNECTOR 3 



I I 



2 I 
2 I 



CONNECTOR 2 



CONNECTOR 



I 2 



19-025 
HA- 



Figure 4. Example of a Logic Board Layout 

The number 19 is the category number of ICs, and the 025 is the sequence number of the component. 

Designates that this component is a high speed AND gate. Some other common designators used are: 

P — Power Gate 

SB - Schottky High Speed Power Gate 

SG - Schottky Gate 

SGO - Schottky High Speed Gaite, Open Collector 

SO - Schottky High Speed Gaite, Open Collector 

B - Buffer 

SB - Schottky High Speed Buffer 

LOR - Low Power Schottky OR 

LN - Low Power Schottky NOR 

LI - This input lead is from area LI on the same schematic sheet. 

lOMl, 1242, 18K4 - Designate outputs to another logic schematic sheet. 

218-0, 1 1 7-0, 1 14-0 - Designate inputs from Connector 0. 

Pin numbers (01, 02, 04, 05 and 06) correspond directly to the actual IC pin numbers. 

Figure 4 also shows the locations of the header connectors (Conn and Conn 1 ) and the cable connectors (Conn 2 and 
Conn 3). All logic boards always contain Header Connectors and 1, however, any combination (either, both, or none) of 
cable connectors (Conn 2 and Conn 3) may be provided. 
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Whenever possible, the immediate output from a flip-flop (1 or side) has a mnemonic naiie preceded by an F. A 
flip-flop whose name is PSEL (Processor selected) has an output mnemonic, on the side, FPIELO (see Figure 5). This 
provides the digital technician with an indication, when observing a mnemonic at the terminal esd of a net, that the signal 
is the output of a flip-flop rather than a decoded function. 

Clocked devices, flip-flops, and counters in particular, are drawn in a manner which indicates information concerning their 
inputs. An input which has a circle adjacent to the pin designation implies a low active signal is required to perform the 
specified operation. In addition, an inverted V at the clock input shows that the device changes state on an edge. Thus, if 
no circle is present the chip is positive edge triggered. Refer to Figure 5 for examples. 





POSITIVE EDGE TRIGGERED 



C. POSITIVE LEVEL TRIGGERED 



Figures. Examples of Clocked Devices 

Figure 6 shows the pin numbering scheme for the header and cable connectors. Header connectaors always have 2 rows of 
pins and 42 positions. Cable connectors always have 2 rows of pins but may vary in the number iof positions. The number 
of positions may only vary in increments of five positions (10 contacts). For instance, if 24 positions are desired, five 
blocks of five positions each (25 positions) must be used. 




241-1 — 
I4I-I 



C CONNECTOR 3 



203-1 
103-1 





CONNECTOR 2 

222-2 

122-2 




CONNECTOR 



Figure 6. Connector Pin Numbering 



A net is defined as an electrical connection between two or more points in a circuit. Ordinarily, a |et has an originating end 
(usually a collector where the signal is generated) and one or more terminating ends. Often k is convenient to assign 
descriptive mnemonic names to nets as a way of identifying them on schematics. Whether a net is named or not is 
sometimes arbitrary. However, a net is always assigned a name if: 

1 . The net is contained on one dravdng sheet but is not shown as a complete solid line on that sheet. 

2. Part of the net appears on more than one sheet. 

3. Part of the net connects with a different schematic. 

4. Part of the net leaves a logic board. 
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If a net is named, the following rules are observed. 

1. All mnemonic names are a maximum of six characters. 

2. All decimal digits and upper case letters except the letters "I, O, Q, and Z" are permitted. 

3. No other characters are permitted. 

4. Where possible, mnemonics are descriptive. However, it should be recognized that descriptive names 
are not always possible and a danger of misinterpreting a mnemonic exists. 

5. Mnemonic names are not repeated within a schematic. 

6. Every mnemonic is suffixed by a state indicator. This indicator consists of the digit "1" for the 
logically true state, or the digit "0" for the logically false state. For example, the set side of a flip-flop 
has the "1" state indicator, while the reset side has the "0" state indicator. The state indicator for a 
function changes each time that function is inverted. Thus, the state indicator permits assigning the 
same mnemonic to functions that are identical except for an inversion. Logic = .4VDC or less. 
Logic 1 - 2.4 VDC or more. 

7. When a logical function is inverted, an inversion indicator is added after the state indicator. This allows 
for functionally equivalent, but electrically different nets to have the same mnemonic name. For 
example, assume a signal NAMEl which may be inverted to produce NAMEO. If NAMEO is then 
inverted, NAMEl A is produced. NAMEl and NAMEl A are functionally equivalent, but physically 
different nets. 

There are times when a net fans-out to many sheets of a schematic. It is also possible fpr a net to fan-out to sheets on 
different schematics. In such situations, the net is assigned a mnemonic name. The net is also "zoned" from sheet to sheet 
to allow for properly identifying the originating and terminating einds of the net. The originating end of a net is defined as 
the collector at which a signal is generated. All other points to which the net connects are called terminating ends. When a 
lead leaves a sheet at the originating end, it is zoned to each and every sheet on which the net reappears, by indicating first 
the page number, followed by the schematic number that contains the page. For example, assume that the gate shown on 
Figure 3 is on a schematic, Sheet 20. The output NAMEO, appears on Sheets 10, 12 and 18 of the schematic. Note that the 
schematic number is implied. When a net enters a sheet from another sheet, it is labeled with the same mnemonic name, 
and is zoned back to the originating end of the net only. Thus, on Figure 3, the ENABLl may have many other 
terminations in addition to the one shown. Generally, when a net leaves the sheet where it originates, it is zoned to every 
other sheet where the net terminates, while the terminating end is zoned only to the originating sheet. Note that on 
schematics, signals are coordinated between sheets only when the sheets are related to the same board. When a signal leaves 
a board, the Back Panel Map must be used. 

When a lead leaves a logic board, it usually does so through a logic board back panel connector pin. These connector pins 
must be shown on the schematic even if the complete net is shown on one drawing sheet. Only the connectoii pin number 
need be indicated under the pin symbol, since the connector number itself is implied by the logic board location number in 
the logic symbol or in the footnote. Thus, on Figure 3, RD061 enters the logic board on Pin 1 14 of Header Connector 0. 

Figure 7 is a typical schematic sheet with call-outs illustrating many of the conventions described in this section. 

The schematic drawings for the basic Digital System and some of the more common expansions are commonly included in 
the rear of the appropriate Digital System Maintenance Manual. Schematic drawings for other expansions are included mth 
the expansion or with the publications that describe the expansion. 
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MODEL 6/16 

INSTALLATION SPECIFICATION 



INTRODUCTION 

The INTERDATA Model 6/16 Digital System features a highly modular structure which permits configurations to suit the 
user's exact needs. The Model 6/16 provides the means for convenient expansion as the user's Requirements grow^. This 
document describes the Processor and System Expansion Chassis, Power Supply Mounting, I-iller and Display Panel 
Mounting, and the interconnecting cables. Printed circuit boards are discussed with respect to cibling and location only. 
Circuit descriptions of these boards are provided in the appropriate maintenance or instruction manuals. The following 
descriptions assume that the equipment is mounted in standard INTERDATA cabinets. 

MECHANICAL COMPONENTS 

This section is intended to familiarize the reader with the mechanical components that are discus^-d in this document (i.e., 
Cabinet, Chassis Support Rails, and Filler Panels). Figures 1 through 4 provide the dimensions and! mounting configurations 
for the Cabinet, Chassis Support Rails, and Filler/Display Panels. It is shown in Figure 4, that vfhile 5V4 inch, 7 inch, 8% 
inch and lOVa inch Filler Panels and the Display Panel mount in the same way (via retaining brac|ets), the smaller 1% inch 
Filler Panel mounts with spring clips. 

PROCESSOR AND EXPANSION CHASSIS MOUNTING 

Two Processor Chassis (7 inch and Twin Versions) are available. In addition, a 7 inch Expansif n Chassis is available for 
expanding the Model 6/16 Digital System. Two different Expansion chassis are available, one for |iounting either 7 inch or 
15 inch controllers and one for mounting 10 inch controllers. The Expansion Chassis has the saine over-all dimensions as 
the 7 inch Processor Chassis (refer to Figure 1 2). 

The Expansion or Processor Chassis slides into the rack on two Chassis support rails (refer to Figures 2 and" 3) from the 
front of the rack. 

CAUTION 

NO CHASSIS SHOULD BE MOUNTED IN CANTILEVER 
FASHION. CHASSIS SUPPORT RAILS MUST BE USED. IF A 
RACK CABINET OTHER THAN AN INTERDATA CABINET IS 
USED, CONSULT THE RACK MANUFACTURER FOR 
PROPER SUPPORT RAILS. 

The Chassis support rails are fastened to the mounting uprights at the front and rear of theirack. The Expansion or 
Processor Chassis are fastened in place, with screws, to the mounting uprights in front of the rark. All Expansion Chassis 
mount below the Processor Chassis. Expansion Chassis cabling is discussed later in this docuraent. Expansion Chassis 
location with respect to the Filler Panel and Power Supply is shown in Figure 14. 
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Figure 1 . Basic Cabinet 
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Figure 2. Basic Cabinet Physical Dimensions 
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Figure 3. Chassis Support: Rail 
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Figure 4. Typical Mounting Configuration fc»r Display and Filler Panels 
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Expansion Chassis 

The Expansion Chassis for 7 inch and 15 inch controllers contains eight universal expansicii slots which can accept 
combinations of single board peripheral controllers, system modules, Selector Channel, or user designed interfaces. In- 
cluded with this 7 inch Chassis are the cooling fans and interconnecting cables. The chassis may bt ordered with or without 
a power supply. 

A 10 inch I/O controller (provided it does not use Connector 1) may be inserted in this chassis vl.i the 02-234 I/O Adapter 
Kit (see Figure 5). 
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Figure 5. 02-234 I/O Adapter (Top View) 



One or two 7 inch boards (half-boards) may be inserted into this Chassis via the 16-398 Half-Boaiil Adapter Kit (see Figure 
6). The Half-Board Adapter Kit may hold two active 7 inch boards or one active and one blank 7 Inch board, depending on 
requirements. 
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Figure 6. 16-398 Half Board Adapter 
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No wiring takes place between the boards and the adapters. The adapters are designed such that the connectors on the 
board plug directly into the Expansion Chassis. 

The Expansion Chassis for 10 inch controllers contains six 10 inch I/O expansion slots which can accept any combination 
of up to six 10 inch wire-wrap or copper peripheral controllers, systems, modules, or user designed interfaces. Included 
with the Chassis are the cooling fans and system interconnecting cables. The Power Supply is separate. 

POWER SUPPLY MOUNTING 

Tlie Power Supply mounts in the rear of the cabinet, behind the Processor or Expansion Chassis. It is attached to the right 
mounting upright (looking from the rear). One of three Power Supplies may be supplied with the Model 6/16 System. 

These Power Supplies attach to the mounting upright via four 10-32 x V2 Ig PHPS screws (refer to Figure 7). 
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Figure 7. Power Supply Mounting 



WARNING 

BEFORE HINGING OUT THE POWER SUPPLIES, THE RACK 
LEVELLING FEET SHOULD BE LCiWERED. AFTER THE 
LEVELLERS ARE IN CONTACT WITH THE FLOOR 
SURFACE, UP TO THREE POWER SUPPLIES MAY BE 
HINGED OUT AT ONE TIME. IF THE LEVELLERS ARE NOT 
DOWN, AND THREE POWER SUPPLIES ARE HINGED OUT, 
THE RACK MAY TIP DUE TO THE WlilGHT OF THE POWER 
SUPPLIES. 

When any Power Supply is in the installed operating position, it is secured to the left rear upright by two 10-32 screws. The 
power supply cable connects to terminal lugs at the right rear (looking from the rear) of its respective Processor or 
Expansion Chassis via Faston lugs and a connector for AC fan power (refer to Figure 8). 



POWER 
SUPPLY 




Figure 8. Fan Connector Caps 
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There is adequate slack provided in the cable to allow the Power Supply to hinge out freely. In i>rder to prevent the cable 
from being pinched between the Power Supply and Chassis Support Rails, a service loop is reciiiired. A maximum of five 
Power Supplies may be mounted in one rack. 

WARNING 

ALL AC FAN CONNECTORS ON POWER SUPPLIES WHICH 
ARE NOT CONNECTED TO MATING RECEPTACLES MUST 
REMAIN COVERED OR SHORTING MAY OCCUR. SEE 
FIGURE 8. 

The 1 1 5/230 volt fan svwtch on the chassis must be matched with the 1 1 5 volt or 230 volt strapjing on the Power Supply 
(refer to Figure 9). 





Figure 9. Fan Power Switch Match 



Exhaust fan plates are equipped with a switch to provide either 115 volt or 230 volt AC operatii»n as shown in Figure 10. 




o 

115V 

o 



DOWN FOR 
1 11. VAC 

UP FOR 
23§VAC 



Figure 1 0. Exhaust Fan Switch Setting 

A third supply (34-023) designed to meet VDE specifications required by some International instiillations, is also available. 
Tlie mounting procedure for this power supply is different than the procedure for the standard supplies. Refer to Power 
Supply Maintenance Manual, Publication Number 29-452, for installation information. 

DISPLAY PANEL INSTALLATION 

The optional Model 6/16 Hexadecimal or Binary Display Panel is electrically tied to the systepn via one connector and 
seven Faston lugs. The connector is installed on Connector A of the 35-601 or 35-602 Display iControUer Board and the 
seven terminal lugs mate into a terminal strip on the left side of the Processor Chassis. The terminal lugs are identified at 
the Faston Connector and are mated to their corresponding terminal pin (CI, C2, etc.) on the Ch^;sis, see Figure 11. 

The Hexadecimal Display Panel is physically mounted to the brackets provided on the ProceSsJor Chassis. The 1 % inch 
Filler Panel is mounted directly below the Hexadecimal Display Panel on this same Chassis (see Fi|ure 12.) 
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Figure 1 2. Processor or Expansion Chassis 
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TURNKEY CONSOLE PANEL INSTALLATION 

The Turnkey Console is connected to the Processor in the same manner as the Hexadecimal Q.splay Panel previously 
discussed. Only two Faston connectors are provided v^^ith this assembly, but their installation is tte same (see Figure 13). 

The panel on v^hich the switches are installed is mounted in the same manner as the display panel. ' 

The Hexadecimal Display Panel option, and the Turnkey Console option may not be installed togeflier in the same system. 
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Figure 13. Twin Chassis Processor 

MEMORY INSTALLATION 

A single slot is allocated to Memory on the Model 6/16. Memory must be installed in Slot 6 of the Bocessor Backpanel. 

NOTE 

When installing either an 8KB or 16KB Memory Module on the 
Model 6/16 the Memory Adapter Card, 35-608, must be installed 
at the Processor Backpanel on Slot 6. In addition jumpers must 
be added between 1 3 5-0007 and 23 5-0006, between 128-01 06 and 
TEMPA, and between 227-0106 and TEMPB on this same Back- 
panel. Remove the IK OHM Resister between TEMPA and 
TEMPB. The 16KB Memory Module must be at revision M02R02 
or higher. 

INSTALLATION OF CPU OPTIONS 

Display Controller/ Automatic Load Option 

Install the Display Controller, 35-601, the Display Controller with Automatic Load Option, 35-6C2, or Automatic Load 
Option, 35-603, in Slot 5 Connector "0" of the Processor Backpanel. A Half-Board Adapter lt-398, must be used to 
mount this board (see discussion on Expansion Chassis). 

The Hexadecimal or Binary Display cable or the Turnkey Console cable mounts to the connector dii the outer edge of the 
Display Controller PC board. 

Hardware Multiply/Divide Option 

Install the Hardware Multiply/Divide PC board, 35-605, in Slot 5 Connector "1" of the Processor Elickpanel. A Half-Board 
Adapter, 16-398, must be used to mount this board (see the discussion on the Expansion Chassis). ' 

NOTE 

The Multiply/Divide Option may only be used on Processors 
equipped to support this option, the Processor PC board must be 
stamped 35-604F02. 
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Primary Power Fail/ Auto-Restart Option 

Install the 35-448 logic card for the Primary Power Fail/Auto-Resi:art option on the wire wrap side of the Processor 
Backpanel at Slot 7, Connector with the apparatus side up. The 17-182F01 and 17-182F02 cables which supply 12 VAC 
to the logic card, connect between CI on the logic card and CI on the backpanel and C3 on the logic card and C3 on the 
backpanel as indicated on the cables (sqe Figures 14 and 15). The Primary Power Fail option card is adjusted at the factory. 

Memory Parity Option Card 

The 35-533 Memory Parity Option card is used with parity memory modules only. The Memory Parity option card mounts 
on the wire wrap side of the Processor Backpanel, Slot 7, Connector 1 (see Figure 15). 

Selector Channel (SELCH) Installation 

The 35-391 Selector Channel may be installed in Slot 4, 2, or of the Processor Backpanel or in Slot 6 or Slot 4 of the 
Expansion Backpanel on a Twin Chassis version of the Processor. The maximum number of Selector Channels in a system 
is 4 for a Twin Chassis Processor or 3 for a 7 inch Chassis (refer to Figure 16). Also see the Selector Channel Installation 
Specification 02-232M01 A20, for further information on installing SELCHs. 
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Basic Switch Panel Option 

For systems not equipped with either the Hexadecimal or Binary Display or Turnkey Console the Basic Switch Panel is 
used to start the system. The Installation Procedure for this Option is as follows: 

1 . Connect the four Faston lugs to the terminal strip located on the left side of the Processor Chassis. 
The terminal lugs are identified at the Faston connector and are mated to their corresponding terminal 
pin (CI, C2, etc.) on the chassis, (see Figure 1 1). 

2. Remove the Faston connection on the Rear of the Processor Chassis labeled L-GND which comes from 
the Power Supply and connect this lug to a spare GND lug. Install a wire between the L-GND male 
receptacle, just vacated, and Back Panel pin INITO (136-0501). The panel on which the switch is in- 
stalled may be mounted to the chassis uprights mth standard 10-32 hardware. This panel is intended 
to mount behind a door or filler panel to prevent easy accessibility when the system is running. This 
option may not be used on a system on which a Display Panel is installed. 

CONFIGURATION 

System Expansion Chassis 

When configuring a multi-chassis system there are four rules that must be followed: 

1. The system Expansion Chassis must be mounted below the basic Processor Chassis. 

2. All Chassis must be Contiguous. 

3. All 15 inch system Expansion Qiassis must be mounted above any 10 inch system Expansion Chassis. 

4. Multiboard peripheral device Controllers (on 10 inch circuit boards) can only be used in the 10 inch 
system Expansion Chassis. 

Circuit Board Distribution 

The Model 6/16 Digital System may be configured in a variety of ways. However, the following factors must be considered 
when determining circuit board distribution within the basic Processor and system Expansion Chassis (see Figure 16). 

1. The Selector Channel or Selector Channels must be installed in the slots described under SELCH 
Installation. 

2. All device addresses are hard-wired on the device controller cards (device addresses may be changed at 
option), so that the distribution of I/O device controllers in the chassis normally need be considered as 
a matter of priority in the RACKO/TACKO "daisy-chain". 

3. The 15 inch system Expansion Chassis, and the basic Processor Chassis may only be used for single 
board I/O device controllers unless the interconnection betv^^en boards takes place via cables installed 
on the outer edge of the board. For multi-board 10 inch device controllers, the 10 inch system 
Expansion Chassis must be used. 

4. The interrupt priority of a given device controller is determined by its physical location on the serial 
RACKO/TACKO Hne. Refer to Interrupt Priority Back Panel Wiring to determine which physically 
located controller has what priority. When deciding which devices should have a higher or lower 
priority, devices that must be serviced in a cert;ain amount of time or loss of data access should be 
given a higher priority than a device with a high interrupt rate and no data loss if not serviced. 

Interrupt Priority Backpanel Wiring 

The Acknowledge Control line from the Processor carries the Interrupt Acknowledge (ACK) signal. This line breaks up into 
a series of short lines to form the "daisy-chain" priority system. The ACK signal must pass through every controller that is 
equipped with Interrupt Control circuits. Refer to Figure 17 to determine order of priority. 

Back panel wiring for interrupt control at a given position is: The Received ACK (RACKO) at Pin 122-0 or 1 and the 
Transmitted ACK (TACKO) at Pin 222-1 or 0. The daisy-chain bus is formed by a series of isolated lines which connect 
Terminal 222-1 or of a given position to Terminal 122-1 or of the next position (lower priority). On unequipped 
positions, a jumper shorts 122-1 or and 222-1 or of the same connector to complete the bus. Back panels are wired 
with jumpers on all positions. Whenever a card chassis position is equipped vAth a controller that has an interrupt 
capability, the jumper from 122-1 or and 222-1 or must be removed from the back panel at that position. 
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Figure 17. Standard Interrupt Priority 



Figure 17, showing the standard interrupt priority wiring, assumes a Model 6/16 Processor ard memory. The arrows 
indicate the direction of priority from the highest priority to the lowest. By changing the wires crossing from Side to 
Side 1 of the PROC and/or Expansion Panels, interrupt priorities may be rearranged. An example bf this is shown in Figure 
18, Modified Interrupt Priority. Slot 5 on Side 1 of the Processor panel has the highest priority; When Selector Channels 
(SELCHs) or Bus Buffers are installed, the standard interrupt priority must be modified. ReM to Figure 19, Interrupt 
Priority with SELCH Installed. 

For controllers that occupy several positions, the jumper is removed only at the position where: the controller board has 
ATN/ACK circuits. For details on the various devices, see the appropriate installation specification. 

Terminators 

The termination end of both legs, Connector and 1, of the Multiplexor Bus must have a standard INTERDATA 
termination card (35-433) installed if the bus is extended beyond a single 7 inch chassis or ba<;kpanel. These cards are 
installed on the back panel at the lowest numbered slot of both connectors on the Multiplexor ;Bus that exists; e.g., if a 
Selector Channel or bus buffer is installed in Slot 4 on the first expansion chassis and only the Processor Chassis and one 
Expansion Chassis is used in the system, the Multiplexor Bus must be terminated at Slot 0, Connector 0, and Slot 5, 
Connector 1 of the Expansion Chassis. In addition, the buffered bus or the SELCH Bus should! be terminated at Slot 0, 
Connector 1 of this chassis. 

Depending upon system configuration, any SELCH Bus or Buffered Bus may be terminated By a 15 inch Terminator 
(35-433) or a 10 inch Terminator (35-434). The choice of terminators depends on the type of chassis in which the last slot 
of the bus is present. 
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EXPANSION BACK PANEL 
Figure 19. Interrupt Priority with SELCH Installed 
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CABLES 

Power Cable 

The standard INTERDATA Cabinet is wired for 30 Ampere service. On the main power cable ipM of the AG Distribution 
Panel), there is a three wire, twist lock, grounding, 125 VAC, 30 Ampere, UL, (Hubbel No. 2610) plug. A three wire 
grounding, 30 Ampere, 125 VAC receptacle (Hubbel No. 261 1 or equivalent) is required to accept this plug. 

System Expansion Cable 

A number of standard cables are available for configuring systems made up of an INTERDATA Expansion Chassis. The 
choice of cables is dependent upon system configuration. The following cables are available: 

1. 17-193: I/O Expansion Cable, Connector "0" 

This cable is used to connect the "0" connector field between two adjacent 15 inch card files. 

2. 7-194: I/O Expansion Cable (see note) 

This cable is used to connect the "1 " connector I/O fields between two adjacent 1 5 inch card files, 

3. 17-216: I/O Expansion Cable, 36 Inch Long 

This cable is used to connect two 15 inch files that are not adjacent. It must not be used to eitend the basic Processor 
Multiplexor Bus. 

It can be used to extend a buffered bus or a SELCH Bus. It plugs into a "1" side connector. The "receiving" end can plug 
into the "0" or "1 " side of the expansion file. 

4. 17-214: 1 5 inch to 10 inch Expansion Cable 

This cable is used to connect the "0" connector field of a 1 5 inch card file to a lower adjacent 10 mch card file. It provides 
an 8 bit I/O bus to the 10 inch card file. 

5. 1 7-1 66 : 1 5 inch to 1 inch I/O Expansion Cable, 36 Inches Long 

This cable is used to connect the "1" side of a 15 inch expansion file to a 10 inch expansion filt. It provides an 8 bit I/O 
bus to a 10 inch card file. 

It must not be connected to the basic Processor Multiplexor Bus. 

It may be driven either by an Extended Selector Channel or a bus buffer. 

It can be used on the older 1 inch card file ( 1 3 I/O slot). 

6. 17-183: "0" to "1" Connector 

This cable can be used to interconnect the I/O Multiplexor Bus of the "0" field and the "1" field within a 1 5 inch card file. 

There is no RACKO/TACKO wire in this cable. 

It can also be used to connect a "0" side (Slot 0) of a file, to the "1 " side (Slot 7) of the next adjacent file, or vice versa. 

7. 17-215: 10 inch to 10 inch I/O Expansion Cable 
This cable is used to connect two adjacent 10 inch card files. 

NOTE 

A strap is installed at the factory on the receive end of either a 
17-327 or 17-194 cable. This strap must be removed unless the 
cable is being used to jumper a private I/O Bus (ESELCH or Bus 
Buffer). This strap jumpers Pin 222-0001 of the upper chassis to 
Pin 122-0701 of the first expansion chassis. If these cables are 
used to extend a SELCH or Bus Buffer the following wiring 
changes are required on the lower chassis: 

Remove the strap from Pin 134-0700 to Pin 122-0701 

Add a strap from Pin 134-0700 to Pin 122-0700 
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CONFIGURATION RULES 



A maximum of 16 device controllers may be insiialled on the Multiplexor Bus of the Model 6/16. This 
assumes all drivers in the system are capable of sinking 48 milliamps or more and no more than one 
TTL load (2 milliamps max.) on any Control Line or Data Line on the device controllers. The Display 
Controller and Multiply/Divide option are considered one load each. 

The Multiplexor Bus must be contained within the Processor Chassis and three adjacent 7 inch 
Bixpansion Chassis (two adjacent chassis if the Processor Chassis is a Twin Chassis). The Multiplexor 
Bus must be buffered by a Bus Buffer or the equivalent for systems which require the Multiplexor Bus 
to be extended beyond these limits or in the case where the Bus must be extended by any 36 inch 
cable. 
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MODEL 6/16 

MAINTENANCE SPECIFICATION 



INTRODUCTION 



The Model 6/16 Processor is a low cost, 16-Bit general purpose minicomputer. The latest MSI aid LSI Integrated Circuit 
technology is used to construct a processor suitable for use in data communications, proce^ control, or stand-alone 
scientific computer applications. The Model 6/16 Processor is modularly constructed for eaA; of maintenance and is 
compatible with all building blocks in the INTERDATA product line. 

SCOPE 

This specification describes the functional operation of the Model 6/16 Processor and provides fnaintenance information 
useful to digital technicians maintaining this processor. A block diagram analysis, a micro-program description, and a 
functional analysis of major processor areas are included. 

BLOCK DIAGRAM ANALYSIS 

The following sections make reference to Figure 1. 

System Organization 

The Model 6/16 is organized between two 16-bit buses. The B Bus is used to present data to tltc Arithmetic Logic Unit 
(ALU). The S Bus then transfers the ALU output to the appropriate destination. The source and destination of data on the 
B Bus and S Bus as well as the functions performed by the ALU are controlled by micro-insteictions contained in the 
Read-Only-Memory (ROM). 

Read Only Memory (ROM) 

The Read-Only-Memory is a high speed, solid state, non-destructive memory organized into one page of 512 words. An 
additional page of 512 words is available for expansion (e.g., Multiply/Divide option). Each woifl in ROM is 24 bits long 
and represents one micro-instruction. Each micro-instruction read out of ROM is latched at the' ROM output by latches 
internal to the ROM. Most micro-instructions are executed in one machine cycle. The ROM bitf are decoded to select a 
Source to be statically unloaded to the B Bus as well as a second Source to be directed to the ALU (see Figure 1). The 
ALU then forms a result on the S Bus. This result becomes available some time before the end oflthe machine cycle and is 
deposited in the appropriate destination register at the start of the next machine cycle as the hext micro-instruction is 
fetched. The meaning of the micro-instruction word bits is explained later. 

Locations in the ROM are addressed by the 10-bit ROM Address Register (RAR). Micro-instructfcns are normally located 
at sequential addresses in the ROM. The RAR is an up-counter which increments by one before eal:h new micro-instruction 
is fetched. The RAR therefore holds the address of the micro-instruction presently being executed. When it becomes 
necessary to jump out of sequence, the RAR can be loaded with a new address from the ROM.^from the Decoder ROM 
(DROM), or it can be preset by hardware. 
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Repeat Counter 

^rhe Repeat Counter is a 5-bit counter which can be loaded from the S Bus. The purpose ol this counter is to allow a 
micro-instruction to be executed n number of times (where n < 3 1) before the next micro-instbction is fetched. The next 
micro-instruction in sequence following the micro-instruction which loads the Repeat Counter is the one which is auto- 
matically repeated n- times. 

Flag Register (FLR) 

Tlie Flag Register (FLR) is a four-bit register containing the following flags: Carry (C), Overflow (V), Greater Than Zero 
(G), and Less Than Zero (L). These flags are modified at the conclusion of arithmetic and li)gical micro-operations to 
reflect the result of the operation. The FLR is loaded from Bits 1 2 through 1 5 of the S Bus when either the FLR or the 
Program Status Word (PSW) is the specified Destination Register. 

Program Status Word (PSW) 

The Program Status Word (PSW) is a 16-Bit register used to indicate the system status relative: to the user program being 
executed. Bits-0 through 6 of the PSW define enabled interrupts and the operational status or mode of the user level 
processor. PSW Bits-7 through 1 1 are not defined. Some of the PSW bits have hardware significance while others are of 
significance only to the micro-program. Bits- 12 through 15 of the PSW make up the Conditim Code field (CC) which 
reflects the result of the most recent user instruction. Bits-8 through 1 1 are not provided. 

The Condition Code may only be updated from the FLR. When PSW is the Specified Destinatioa Register Bits-0 through 7 
of the S Bus are loaded into Bits-0 through 7 of the PSW and S Bus Bits- 12 through 15 are iaptured in the FLR. The 
Condition Code field is then updated from the FLR on the next Processor clock. Instruction Real operations also copy the 
contents of the FLR into the Condition Code. 

Location Counter 

The Location Counter (LOC) is a 16-bit appendum to the PSW which holds the main memor^ address of the next user 
instruction to be performed. The Location Counter is an up-counter which automatically increanents by 2 following each 
Instruction Read micro-instruction or Dl opfion in the micro-instruction (unless the op-code indicates an RR or SF format 
instruction). Bit-1 5 of this register is not implemented. 

Memory Address Register (MAR) 

The Memory Address Register (MAR) is a 16-bit register which is loaded with the address of m^in memory locafions. It is 
automatically loaded from the Location Counter each time LOC is incremented. It can also l^e loaded from the S Bus 
whenever LOC or MAR is the specified Destinafion Register. 

Main Memory 

The Main Memory consists of random access memory providing storage for user instructions and ilata. Memory is addressed 
through the Memory Address Buffer (MAB). The MAB is constructed using 2:1 Multiplexors. :On Instruction Reads the 
contents of the Location Counter is presented as the address to Main Memory. On all othea memory operations the 
contents of the MAR is presented as the address for Main Memory. Data read from or written iiito memory is buffered in 
the Memory Data Register (MDR). The micro-program initiates a main memory cycle by using a Memory Read, Memory 
Write, or Instruction Read command. After issuing a memory command, the micro-program^ is free to perform other 
instruction. The memory cycle is accomplished asynchronous of other processor activity. IfthI micro-program, however, 
attempts to use the contents of MDR after a Memory Read or Instruction Read operation, before memory .data become 
available, or attempts to load MDR or issue another Memory command before the current memory cycle is complete, the 
processor stops until the desired function can be performed. 

Instruction Register (IR) 

On Instruction Read operations data on the Memory Register Receive Bus (MRR), MRR Bits-0 iirough 7 are placed in the 
register labeled OP, Bits -8 through 11 are placed in the register labeled YD, and Bits-12 thrl»ugh 15 are placed in the 
register labeled YS. These three registers (OP, Yd, and YS) comprise the user's Instruction Register. 

Decoder Read-Only Memory (DROM) 

The OP register is used to address locations in the Decoder Read-Only-Memory (DROM). T|e DROM consists of two 
halves: DROM 1 and DROM 2. Each half contains 256 8-bit words. The micro-program interrogates either DROM 1 or 
DROM 2 at appropriate times and the 8 bits of the resulting read-out are jammed into the RAR^ resulting in an automatic 
branch to an address that is related to the user's operation code. The most significant bit of DROM 1 is used to suppress 
unnecessary memory reads and Location Counter increments. The DROM also decodes all illegal iser instructions. 
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Micro Register (MR) 

A 16-bit register labeled MRO is available to the micro-program for general purpose use. 

Input/Output (I/O) 

Input/Output operations are achieved by gating S Bus data onto the I/O Bus and activating an I/O Control Line, or by 
activating an I/O Control Line and gating the I/O Bus data onto the B Bus. 

LSI Micro-processor 

The LSI Micro-processor is comprised of four Large Scale Integrated (LSI) Circuits, each of which is a 4-bit wide slice of 
the Central Processing Unit (CPU). Four of these CPU slices make up the 16-bit wide CPU. The combined slices contain a 
16-bit Arithmetic Logic Unit (ALU), a two port Random Access Memory (RAM) Stack forming sixteen 16-bit General 
Registers, a 16-bit temporary storage register Q, shift circuits for right, left, and no shift for the RAM stack and Q register. 
By external circuits connecting the Q shift and RAM shift circuits :!2-bit shifts and rotates are made possible with Q as one 
of the registers and one of the sixteen general registers as the second register. 

It is most often the case that the micro-program accesses the User's General Register without caring which of the 1 6 
General Registers is accessed. Consequently, no provision has been made in the Model 6/16 for the micro-program to 
randomly access an explicit General Register. Since after Instruction Read, one or more register addresses specified by the 
user instruction, are in the YD and YS register, the micro-program can access the appropriate General Register by 
specifying the YD or YS Register. The hardware then selects the General Register whose number is in the YD or YS 
Register. 

The YD Register is an up/down-counter so that sequential General Registers can be accessed. The micro-program can also 
clear the YD Register when it needs to access a specific General Register. 

MICRO-PROGRAM DESCRIPTION 

Introduction 

Micro-programming is a means for implementing the control logic of a digital processor. At INTERDATA, micro- 
programming has been effectively used to maintain upward program compatibility in a family of processors whose internal 
hardware varies from one member to the next. 

The Model 6/16 Processor is designed to execute micro-instructions stored in a Control Store or Read-Only Mernory 
(ROM). A micro-instruction is an elemental step or instruction to the actual hardware of the machine. Each micro- 
instruction causes one or more hardware functions to be performed, such as transferring the contents of one register to 
another, arithmetic or logical operations between two specified operands, controlling input/output operations or 
performing memory functions. 

A series of micro-instructions is called a micro-program. Tiie complete Model 6/16 micro-program is, by definition, an 
emulator, causing the Model 6/16 to react to a user program in main memory and to external events as does the Model 
7/16 Processor, described in the INTERDATA 16-Bit Reference Manual, Publication Number 29-398. Every user level 
instruction, interrupt handling feature, etc. is simulated by some portion of the Model 6/16 Processor micro-program. 

The following pages outline the Model 6/16 hardware from a miicro-programmer's point of view, data and instruction 
formats, instruction repertoire and interrupt system. 

DATA AND INSTRUCTION FORMATS 
Data Formats 

All internal data paths are 16-bits wide. Hence the basic machine operand is a 16-bit halfword. In arithmetic operations, 
the most significant bit is interpreted as the sign bit of the number in the least significant 15 bits of a halfword: Positive 
fixed-point data is expressed in true binary form with a sign bit of Zero. Negative fixed-point data is expressed in twos 
complement notation with a sign bit of One. 

Binary information is represented in hexadecimal notation, base 16, for simplicity. 
Instruction Formats 

Model 6/16 Processor micro-instructions can be one of five formats designated Register-to- Register, Register-to-Immediate, 
Input/Output, Branch and Exchange Byte. The Instruction word formats are shown in Table 1 and Figure 2. Instruction 
word fields are explained in the following sections. (Refer to Table 2.) 
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TABLE 1 . INSTRUCTION WORD CHART 



NOP 
D2 
MR 
MW 
BT 
BF 
JAMCC+IR 
D1 

LOAD Q; ALU OUTPUT 

NULL; ALU 

LOAD YD AND Q; FA OUTPUT 

LOAD YD; ALU OUTPUT 

LOAD YD AND Q;SR;ALU OUTPUT 

LOAD YD; SR; ALU OUTPUT 

LOAD YD AND Q; SL; ALU OUTPUT 

LOAD YD; SL; ALU OUTPUT 

LOAD YS; ALU OUTPUT 



UNUSED 



INSTRUCTION WORD BITS 



MC 
1 



000 

00 1 

01 
01 1 
1 00 
1 01 
1 1 

1 1 1 



D1 
345 



000 
001 
01 

1 1 

1 00 
1 01 
1 1 
1 1 1 
01 1 



R+S 
S-R 
R-S 
RORS 
RANDS 
RANDS 
RXORS 
RXNERS 
R 

YS 
YS 




EXTERNALlfD 
SOURCE < D 

[P 
001 



000 

OR 

001 



ALU 

OP SI 
678 91011 



000 

001 

01 

01 1 

1 00 

1 01 

1 1 

1 1 1 

S 

Q 

YD 

Q 

YD 

YS 

YD 

Q 





PSW 
LOC 
MRO 
CNTR 
MDR 
MAR 
FLR 
10 



D2 
12 13 14 







1 



15 16 





1 

1 

1 1 

1 
1 1 
1 1 
1 1 1 

NULL 

IMM 

CS 



•IMMEDIATE- 



S2 
17 18 19 





1 X 
1 



1 1 1 



E FIELD 
20 21 22 23 












PSW 








1 


LOC 





1 





MRO 





1 


1 


YS! 


1 








MDR 


1 





1 


MAR 


1 


1 





YDI 


1 


1 


1 


10 





1 

10 

10 

1 



1 

1 1 



1 

1 1 

1 1 

1 1 1 



10 1 
10 10 
110 
10 



NULL 

aqr/ack"! 

cmo/stat m/0-br-imm 

DA/DR J 



CLI-IAR YD 
ANO SET WAIT 
YD?1 
YDMI 



JAM CI A 

M/D 

FLTPT 



l/O-BR-IMM 
— FOR INC, 



DEC ONLY 



TTO-BR-IMM 
UNLOAD M/D BOX ON I/O BUS 



MM-): DIFFERENTIATED BY# 
SOURCE HALFWORDS 
FLTPT: DIFFERENTIATED BY 
IR00:07 



EXT-SOURCE-BR-IMM 



BRANCH 



ALO: 



C 
V 
G 

L 

MSK 

ARST 

DATIS^ 

ATN 

CATN 

SNGL 

MALFl 

ADDRESSED ON POWER UP AMOD 

KNOCKED DOWN WHEN ALO/HW 

OTHER DEV. ADDRESSED PPF 

MPE 
UNCOND 



13 14 



CONDITION 



111 

10 11 

110 1 

1110 

10 111 

110 11 

1110 1 

11110 

10 111 

10 10 11 

10 110 1 

10 1110 

110 111 
1110 11 
11110 1 
111110 
1111 



23 



ADDRESS 
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REGISTER TO REGISTER 






3 


6 


9 


12 


15 


16 


17 i 


20 23 


MC 


D1 


OP 


SI 


D2 





CS 


S2 


E 



REGISTER TO IMMEDIATE 






3 


6 


9 


12 


15 


16 23 


MC 


D1 


OP 


SI 


D2 


1 


IMM 



INPUT/OUTPUT 






3 


6 


9 


12 


15 


16 


17 


20 


21 23 


000 


D1 


000 


81 


D2 





CS 


S2 





El 



BRANCH 






3 


8 


14 23 


BC 


00000 


COND 


ADDRESS 



EXCHANGE BYTE 






3 


6 


9 


12 


15 


16 


17 


20 23 


MC 


D1 


000 


111 


D2 





1 


S2 


E 



INSTRUCTION WORD FIELDS 



FIELD 


MEANING 


MC/BC 


MAIN MEMORY CONTROL/BRANCH CONTROL 


D1 


SHIFT LEFT/SHIFT RIGHT OPERATION 


D1 AND D2 


DESTINATION FIELD 


OP 


ALU OPERATION 


SI 


SELECTS TWO SOURCES FOR ALU 


S2 


SELECT EXTERNAL (TO ALU) SOURCE 


E 


EXTENSION FIELD 


El 


SPECIFIED TYPE OF I/O OPERATION 


COND 


BRANCH CONDITION(S) 


ADDRESS 


BRANCH ADDRESS 


CS 


SPECIFIES CROSS-SHIFT 



Figure 2, Instruction Word Formats 
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Memory Control (MC) 

The processor's main memory is the source of user's instructions and data. The Register-toi Register and Register-to- 
Immediate micro-instructions can specify one of the following options to perform main memoi;/ operations or to use the 
Decoder Read-Only-Memory (DROM). 

TABLE 2. MC/BC FIELD 



Instruction 






Word Bits 


Meaning 




1 2 






000 


No operation 




001 


D2-VectQr through DR0M2 




010 


IVIR-Data Read Halfword 




Oil 


MW-Data Write Halfword 




100 


BT— Branch on True Condition 




101 


BF-Branch on False Condition 




110 


IR— Instruction Read and Jam CC 




111 


D1 -Vector through DR0M1 





D2: The user's instruction op-code, IR (0:7), is used to vector through DR0M2. The unique word from DROM2 is 

jammed into RAR, causing a branch in the micro-program sequence. 

MR: A main memory read operation is started using the contents of MAR as the mfemory address. Then the 

micro-instruction execution starts. The halfword is read from memory and is loaded into this MDR for use by 
the micro-program when the data is available. 

MW: A Main Memory Write operation is started. The current content of MDR is written into the halfword of 

memory currently addressed by the content of MAR. 

BT: If any of the specified conditions are true, a branch is taken to the address specified fci the address field. 

BF: If all of the specified conditions are false, a branch is taken to the address specifiell in the address field. An 

unconditional branch micro-instruction assembles as a branch on false micro-instriiction with no conditions 
specified. 

IR: An Instruction Read operation is started prior to execution of the current micro-instruction. The halfword 

addressed by the current contents of LOC is read and placed in both the MDR an| the Instruction Register 
(IR). LOC is then incremented by two and the incremented LOC is jammed intt> the MAR. The current 
content of FLR is copied into the condition code field of PSW. (LOC must not beithe destination register in 
the micro-instruction specifying the IR option.) The FLR is cleared and the riiicro-instruction at ROM 
location '000' is executed. 

Dl : The address of the next micro-instruction is extracted from DROMl using the user^f instructions op-code, IR 

(0:7), as an index. 

Commands (E) 

A Register-to- Register or Exchange Byte micro-instruction can specify one of the following six commands to perform the 
desired hardware function. These commands are executed at the end of the micro-instruction. : 



Word 
Word Bits 


Meaning 




20 


21 22 


23 


CYD and SWA 


Clear YD field and feet Wait FF 








1 





1 





YDPl 


Increment YD field 





1 


1 


YDMl 


Decrement YD fielti 





1 





POW 


Power down, Genei-ate System Clear 





1 1 





M/D 


Load data into M/D box 





1 1 


1 


FLTPT 


Specify Floating P(|int operation 
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Condition Code Options (E) 

A Register to Register or Exchange Byte micro-instruction can specify up to three options in this category. 



Instruction Word 
Bits 


Meaning 


20 


21 22 23 


CI 
CO 

F 


Carry In 

Carry Out 

Set Test Flags in FLR 


1 
1 
1 


1 

1 

1 



CI: In a Load micro-instruction specifying this option, the Carry Flag (P/O FLR) is shifted into the most 

significant bit of the result if Shift Right is also specified. If Shift Left is specified, the Carry Flag is shifted 
into the least significant bit of the result. While executing an Add micro-instruction, the Carry Flag is added to 
the least significant bit of the sum. 

In a subtract micro-instruction, the Carry Flag represents a borrow situation from the least significant bit of 
the subtraction. This borrow participates in the subtraction operation. 

CO: In a Load micro-instruction specifying this option, the Carry Flag in FLR stores the bit shifted out, if a Shift 

Right or Shift Left is also specified. If shift is not specified, the Carry Flag is reset. 

In an Add micro-instruction, the Carry Flag is set if a carry is generated. In the subtraction, carry is reset if a 
borrow is not generated. If a micro-instruction specifying CO performs a logical operation, the Carry Flag in 
FLR is reset. 

F: If a micro-instruction specifying this option performs addition or subtraction, V, G and L Flags in FLR are 

adjusted to reflect the result of the operation. The V Flag reflects the overflow condition and Flags G and L 
reflect the algebraic value of the result. 

In an I/O instruction, the V Flag is set if the addressed device does not return a SYNC in approximately 14 
microseconds. If a micro-instruction specifying this option performs a load or logical operation, the V Flag is 
reset and the G and L Flags are adjusted to reflect the algebraic value of the result. 

The hardware provides a cumulative flag effect to facilitate multi-precision operations. The following table 
shows how the G and L Flags in FLR are adjusted to reflect the algebraic value of the result. Note that once 
the G or L Flag becomes set, the G and L Flags will never again both be Zero unless the FLR is explicitly 
cleared (e.g., an Instruction Read operation). 



Result 


Flags before Execution 


Flags after Execution 


G 


L 


G 


L 


Zero 



















1 









1 










Positive 


















1 









1 










Negative 











1 







1 





1 




1 








1 



Shift Options 

A Register-to-Register or Register-to-Immediate micro-instruction can specify either the Shift Left or Shift Right option. 
There are no specific bits in the micro-instruction word for the SL or SR options. However, this information is included in 
Bits-3, 4 and 5. The micro-instruction must specify YD or YD&Q as the destination register or registers. Other desired 
options may be specified. 
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SL: The 16-Bit Arithmetic Logic Unit result is shifted left one bit position. If CI is also specified, the state of the 

Carry Flag in FLR is shifted into the least significant bit position, otherwise, the least significant bit is forced 
to Zero. If CO is also specified, the most significant bit of the ALU result, which is shifted out, is shifted into 
the Carry Flag of the FLR; otherwise, that bit is lost. The 16-bit result thus detained is copied into the 
destination register or registers. 

SR: The 16-bit ALU result is shifted right one bit position. If CI is also specified, the state of the Carry Flag in 

FLR is shifted into the most significant bit position; otherwise, the most signific^it bit is forced to Zero. If 
CO is specified, the least significant bit of the ALU result, which is shifted out, isishifted into the Carry Flag 
of FLR; otherwise, that bit is lost. The 16-bit result, thus obtained, is copied into the destination register or 
registers. 

Branch Conditions 

A Branch micro-instruction can specify up to four conditions from Group 0, Group 1, Group 2 or Group 3. Conditions 
from different groups cannot be mixed in the same instruction. The micro-instruction word bifc, symbolic conditions and 
their meanings are shown below. 



GROUP 


WORD BITS 
8 9 1011 1213 


SYMBOLIC 
CONDITION 


MEANING 
OF TRUE CONDITION 





111 
10 11 
1 10 1 
1110 
1111 


C 
V 
G 

L 

MSK 
ARST 
DATN 

ATN 

CATN 
SNGL 
MALF 

AMOD 
HW 
PPF 
MPE 


CARRY FLAG SET 
OVERFLOW FLAG SET 
GREATER THAN ZERO FLAG SET 
LESS THAN ZERO FLAG SET 
UNCONDITIONAL BRANCH 

(YD) AND (CONDITION CODE FIELD) 

AUTO-RESTART PRESENT 

DMA ON I/O BUS IS REQUESTING ATTENTION 

I/O ATTENTION AND PSW BIT 1 ARE SET OR DMA ON lA) BUS IS REQUESTING 

ATTENTION 
CONSOLE ATTENTION REQUESTED 
CONSOLE IS IN SINGLE MODE 
MACHINE MALFUNCTION DETECTED 

ADDRESS MODIFICATION IS NECESSARY 

HALFWORD I/O LINE IS ACTIVE/ALO PRESENT INDICATION ON POWER UP 

Pi=ilMARY POWER FAIL DETECTED 

MEMORY PARITY ERROR DETECTED 


1 


10 110 
1 10 1 1 
1110 1 


2 


10 110 

10 10 11 
10 110 1 
10 1110 


3 


1 1 oil 1 
1110 11 
11110 1 
111110 



THE MICRO-PROGRAM 



The Model 6/16 Processor micro-program can be divided into three major functional areas. Ihese are: user instruction 
fetch; user instruction execution; and interrupt support. Refer to Figure 3. 
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Figure 3. Micro-Prograhi 
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System Initialization 

On power up, or following initialize, when the System Clear signal (SCLRO) goes high, the Processor starts executing 
micro-instructions. SCLRO presets the ROM Address Register (RD) to X'lOO'. 

Referring to Figure 4, address X'lOO' corresponds to the symbolic label PWRUP on the flow chart. 

The micro-program checks if Automatic Loader Option (ALO) is present. If the ALO exists, the HW line is active. The test 
for HW passes and routine ALOl is entered. If the HW test fails, the micro-program continues the normal power-up 
sequence. 

NOTE 

The Automatic Loader Option (ALO) is a halfword oriented 
device but it does not have a specific device address. If it is present 
in the system and enabled then on power-up or initialize, the HW 
line is activated. The micro-program detects this and loads new 
PSW and LOC and up to 4K bytes of main memory from the 
ALO. Depending on the new PSW, the user level Processor goes 
into the Wait State or user instruction execution starts. 

In the Auto Load Option route (ALOl), the micro-program reads, in a new PSW and LOC, a starting Memory Address and 
an ending Memory Address from the ALO. The micro-program then forms in YD the difference between the ending 
address and the starting address. If a carry is produced, the end address was less than the start address. Routine IDLE is 
entered. If the end address is not less than the start address, the data input loop, AL02, is entered. The data halfwords are 
read from the ALO and stored in consecutive halfword locations in main memory until the difference count in YD is 
decremented from X'OOO' to X'FFFF'. When this happens, all the data has been loaded into Main Memory. Then Bit-0 of 
the PSW (Wait Bit) is tested. If it is set WAIT routine is entered. Otherwise, user instruction fetch is started. (See Figure 5.) 

In the normal power-up sequence, the PSW and LOC are restored from their power fail save locations, X'0024' and 
X'0026' in main memory, and the user's General Registers are restored from their main memory power fail save locations. 
The General Register save area is a 32-byte block of memory whose starting address is contained in memory location 
X'0022'. 

After restoring the registers, Bits-13, 14, and 15 of location X'20' are examined to determine the last display panel status. 
If non-Zero, the Hexadecimal Display Panel was not in the Run mode when power went down, LOCDIS is entered. If Zero, 
the Hexadecimal Display Panel was in the Run mode. The Auto-Restart, ARST, option is tested. If set, routine MMF is 
entered to do the Machine Malfunction interrupt if PSW Bit-2 is set. If the ARST option is absent, routine LOCDIS is 
entered to display the present values of the location Counter. The IDLE loop is then entered. 

Hexadecimal Display Panel Support 

The Hexadecimal Display Panel is serviced by two major routines: CONSER and DISPLY. Routine CONSER is entered, if 
during user instruction execution, the micro-program determines that CATN is active; or if in the IDLE loop or the WAIT 
loop, CATN becomes active but SNGL is not active. See Figure 6. 

In the CONSER routine, the Display Controller is addressed and its status is sensed. It is put into the normal mode and 
addressed to reset byte counter. The most significant four bits of the status byte are stored as the least significant four bits 
of location X'20'. If the SNGL signal is active, the LOC is incremented by two, the FLR is cleared and the micro-program 
returns to the user instruction fetch routine at START 1. If SNGL is not active, the Hexadecimal Display status is 
examined. 

If status Bit-1 is set a function or a register has been selected. Routine FNREG is entered. If status Bits-0, 4, 5, 6 and 7 are 
all reset, Function was selected. If PSW Bit-4 is also set, the micro-code simulates an interrupt from device number 1 
(Hexadecimal Display Panel Interrupt). If PSW Bit 4 is reset, routine CLRWT is entered to fetch the next user instruction. 

If status Bit-1 is reset, MDR gets data from memory location specified by LOC. If the Display status indicates Address or 
Memory Write, routine ADWRT is entered. The Switch Register is read into MDR and if the mode is Address, routine ADD 
is entered; where the data in MDR is copied to LOC and routine LOCDIS is entered. If the mode is Memory Write, routine 
RDKEY is entered, where the data in MDR is written to the memory location specified by LOC. LOC is then incremented 
by two and copied to MAR. The data v^itten is copied into MRO and MDR is set equal to X'80' to light the Memory 
Address/Memory Data lamp. Routine OUTDIS is entered. 

If the mode is Memory Read, the RDKEY routine is entered. 

Display status Bits-1, 2, and 3 being reset indicate Run mode. Routine CLRWT is entered to fetch the next user 
instruction. 

Routine DISPLY is entered from routine CONSER if the status indicates that a function other than Function or a 
Register was selected; or before the interruptable Wait loop is entered, if SNGL is active. See Figure 7. 
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PWRDWN Figure 4. System Initialization 
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Figure 5. Auto Load Option 
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Figure 6. Jloutine CONSER 



This information is proprietary and is supplied by INTERDATA for the lole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



13 



cy 



DISPLY 

ADDRESS THE DISPLAY PANEL 

(MRO)"* DISPLAY STATUS 

(MAR)-* — N ; N = REGISTER # 
(MDR)-! — '002N' 



REGDIS 



(YDI)*— 




(MRO)-* — (YD) 

(YD!)'* (YDI)+1 

(MAR)'->— (MAR)-I 



(MRO)* — (PSW) 
(MDR)"* '0044' 



I 11-mJ 

MARO 



Figure 7. Display F^outine 
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In the DISPLY routine, the Display Controller is addressed and its status is sensed. Then the rei'ister number n is obtained 
in MAR and MDR is set equal to X'2n'. If a General Register is selected, routine REGDIS is entoied. If Function codes 4 or 
5 are indicated, routine PSWLOC is entered. If Function code 1 is indicated, routine FNl ^is entered. Otherwise, the 
uninterruptable IDLE loop is entered. 

At REGDIS, the YD field is cleared and incremented until it equals the register number specified by MAR. The specified 
General Register is copied to MRO. Routine MARO is then entered. 

At PSWLOC, status Bit-0 is examined to differentiate between Functions 4 and 5. If status Blt-O is set, the Function 5 is 
indicated and routine LOCDIS is entered. Otherwise, the PSW is copied to MRO, and MDR is* set equal to X'44', and the 
MARO routine is entered. 

At FNl , the switch register data is copied into PSW and a branch is taken to FNl 1. 

Routine LOCDIS copies LOC to MRO, sets MDR equal to X'45' and clears MAR. Routine OUTDIS is then entered. 

Routine OUTDIS outputs the five bytes contained in MDR8:15, MAR and MRO to the Display Controller. Then the 
uninterruptable IDLE loop is entered. 

The IDLE loop is a high speed loop that can only be exited if a power failure occurs or a CATN is detected. 

Instruction Fetch 

A user's Instruction Fetch begins when a micro-instruction specifying Instruction Read is performed. The hardware sets the 
ROM Address Register to '000', which corresponds to the label START on the flowchart, see! Figure 8. If any interrupts 
are pending, the micro-program branches to routine HELP. If no interrupts are pending, the liOC is incremented by two. 
The hardware copies the instruction word from MDR into the Instruction Register (OP, YD, ancj YS). The General Register 
specified by YS is loaded into MRO and Q and DROMl is interrogated. If the most significant bit of DROMl is false, a 
memory read is initiated from the address specified by the new contents of LOC, and LOC is Incremented by two. If this 
bit is active (RR type user instructions), no memory read occurs. 

Depending on the user's operation code, DROMl supplies an appropriate address to resume micro-code execution. If the 
user's operation code is not legal, the DROMl sets the ROM Address Register to 082 causing a branch to routine ILEG. 
There, the LOC is decremented by two, the MAR is set to 0030 and routine GENSWP is entereil 

User Instructions Emulation 

Tlie ROM address supplied by DROMl, in a way, categorizes the user instructions into those that require operand set-up 
and those that do not. Table 3 shows the legal instruction mnemonics and the corresponding symbolic ROM address for 
DROMl. For those instructions that do not require any operand set-up, the micro-program goes: directly to the appropriate 
execution routine via DROMl and DR0M2 is not used. For those instructions that do require^ pre-processing, DROM 2 is 
interrogated to get the starting address of the execution routine. Table 4 shows the legal instruction mnemonics and the 
corresponding symbolic ROM addresses for DR0M2. 

Interrupt Support 

During user Instruction Fetch, the micro-program tests for interrupts. If any of the tested interrupts (MALE, ATN, CATN, 
SNGL) are active, routine HELP is entered, and LOC is decremented by two. See Figure 9. 

Machine Malfunction If MALE is active, routine MMALF is entered. MALE can be caused by Memory Parity Error 

or Early Power Fail if PSW Bit-2 is set; or by Primary Power Fail.^ At routine MMALF, if the 
Primary Power Fail signal is active, Routine PWRDWN is entered. TJiere, the PSW and LOC are 
stored in their core memory save locations and the user's General Registers are saved in the 
area of core whose starting address is contained in location X'0Q22'. The command Power 
down (POW) micro-instruction is then performed which stops the processor and deactivates 
the initialize (SCLR) relay. 

If Primary Power Fail was not causing MALE, the micro-program checks for CATN. This test 
allows microprogram to exit from a continuous repetition of machine malfunction PSW swap 
because of repetitive memory parity error. If CATN test fails, "the micro-program does a 
Machine Malfunction PSW swap with location X'0038'. Routine CS-NSWP, the common PSW 
swap routine, is discussed later. 
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Figure 8. Instruction Fetch 
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TABLE 3. DROM-1 DATA 
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Figure 9A. Interrupt Support 
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Figure 9A. (Continued) Interrupt Support 
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Figure 9B. Power Down Routine 
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I/O Attention 



If MALF is not active, the micro-program tests for I/O attention (A TN). If ATN is active, the 
lOATN routine is entered. In lOATN routine, if DATN is active, IDDMA routine is entered; 
otherwise, PSW bit 4 is tested. If PSW Bit-4 is set, routine lOSVC isientered; otherwise, a PSW 
swap is performed with location X'0040'. 

In lODMA routine, device zero is addressed to knock down any afdressed device. Then one 
halfword is read from the DMA on I/O Bus. This halfword is the sti t memory address for the 
requested data transfer. If memory address is odd, DMARD routlie is entered, where half- 
words are read from the DMA device and stored in consecutive memory halfwords. If memory 
address is even, DMAWRT routine is entered, where consecutive? halfwords from the start 
memory address are written to the DMA device. A DMA device rauist be a halfword oriented 
device. The DMARD or the DMAWRT routine is exited when DATM is dropped. The next user 
instruction is then fetched. 



Routine lOSVC acknowledges the I/O interrupt. The returned device number times two is used 
to index into the Service Pointer table beginning at core location X'OODO'. The halfword con- 
tained in the selected location is fetched and placed in MAR. The micro-program then stores 
the PSW in the location whose address is (MAR) and the LOC in th| location whose address is 



(MAR)+2. The contents of the location whose address is (MAR)+4 is; 
PSW, LOC is set equal to (MAR)+6, and the user instruction now 
executed. 



fetched and placed in the 
pointed to is fetched and 



Console Attention 



If neither MALF nor ATN is active, the micro-program tests for Cor^ole Attention (CATN). If 
not active, the interrupt must have been SNGL, and routine DISHLY is entered. There, the 
selected register or registers are output to the Display Console and thl- Idle loop is entered. 

If CATN is active, routine CONSER is entered. There, the Display d:)nsole is addressed, which 
resets the CATN indication. If SNGL is also active, the micro-prbgram continues the user 
instruction emulation. When the next user instruction fetch begihs, CATN is inactive and 
SNGL is active, causing routine DISPLY to be entered. 



Routine GENSWP Routine GENSWP is the common PSW swap routine, entered with MKR containing the address 

of the swap area. The PSW is stored in the location whose address ft (MAR). LOC is stored in 
the location whose address is (MAR)+2. The PSW is loaded with tli" contents of the location 
addressed by (MAR)+4. The L flag in the new PSW is set to 1 if t6e PSW swap is due to an 
Early Power Fail. LOC is then loaded from location (MAR)-i-6. 

If Bit-6 of the new PSW is set, the micro-program examines Bits-8:1 5 of the halfword whose 
address is in location X'0080'. If this byte is non-Zero, another PSW swap is performed with 
location X'0082'. If Bit-6 of the new PSW is not set, the micro-program tests PSW Bit-0. If not 
set, user instruction execution begins with the instruction specified by LOC. If Bit-0 is set, the 
interruptable WAIT loop is entered. The WAIT loop tests for MALF, ATN, or CATN. If any 
interrupt occurs, routine HELP is re-entered. 

Interrupt System 

The interrupt structure provides rapid response to external and internal events that require special software attention. The 
descriptions that follow are oriented towards the emulator. 

Internal Interrupts 

Five different internal interrupts may be generated. Of these, the Illegal Instructions, Fixed-Foint Divide Fault, Queue 
Service, and Supervisor Call Interrupts are created by the Emulator, and the Machine Malfuncticii Interrupt is generated in 
the hardware. 

Illegal Instruction Interrupt 

The illegal instructioh interrupt occurs when an instruction not in the user's repertoire is fetched! Table 5 shows the Model 
6/16 user's instruction repertoire. All 256 combinations of Op Codes are available in the DROM For illegal Op-Codes, the 
data in DROMl equals '082', starting address of Illegal Instruction interrupt micro-routine. lii case of illegal op-codes, 
when DROMl is interrogated, a branch to ILEG routine occurs where an Illegal Instruction PSV swap, location X30 , is 
performed. 
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TABLE 5. USER'S INSTRUCTION REPERTOIRE 



OP 
CODE 


OP-CODE BITS 0:3 






BITS 
4:7 





2 


4 


6 


9 


C 


D 


E 







BTBS 


STH 




SRLS 


BXH 


STM 




1 


BALR 


BTFS 


BAL 


AHM 


SLIS 


BXLE 


LM 


SVC 


2 


BTCR 


BFBS 


BTC 




STBR 


LPSW 


STB 


SINT 


3 


BFCR 


BFFS 


BFC 




LBR 


THI 


LB 




4 


NHR 


LIS 


NH 




EXBR 


NHI 


CLB 




5 


CLHR 


LCS 


CLH 




EPSR 


CLHI 


AL 




6 


OHR 


AIS 


OH 




WBR 


OHI 


WB 




7 


XHR 


SIS 


XH 




RBR 


XHI 


RB 




8 


LHR 




LH 




WHR 


LHI 


WH 




9 


CHR 




CH 




RHR 


CHI 


RH 




A 


AHR 




AH 




WDR 


AHI 


WD 


RRL 


B 


SHR 




SH 




RDR 


SHI 


RD 


RLL 


C 


MHR* 




MH* 




MHUR* 


SRHL 


MHU* 


SRL 


D 


DHR* 




DH* 




SSR 


SLHL 


SS 


SLL 


E 


ACHR 




ACH 




OCR 


SRHA 


OC 


SRA 


F 


SCHR 




SCH 




AIR 


SLHA 


Al 


SLA 



"Available only with Multiply/Divide option. 



Machine Malfunction Interrupt 



The Machine Malfunction Interrupt occurs on a memory parity error or early power fail if PSW Bit-2 is set. The emulator 
also performs a Machine Malfunction PSW swap on Power-Up if PSW Bit-2 is set, Auto-Restart is present, and the Run 
mode is specified. 

If the Memory Parity option is present, the parity bit of each halfword in main memory is set or reset to maintain odd 
parity. The parity bit is generated on every Memory Write and checked on every Memory Read or Instruction Read. If a 
Memory Parity Error (MPE) occurs, and PSW Bit-2 is set, the testable signal MALE goes active. During the user instruction 
fetch part of the micro-program, MALE, along with other interrupts, is tested. If any interrupt is pending, the 
micro-program branches to a routine to sort interrupts by priority. 

The Early Power Fail condition (EPF) exists if the optional power fail detector determines that the line voltage is low. The 
condition also occurs when the Initialize key is depressed or when the Power switch is turned OFF. One millisecond after 
Early Power Fail, the testable Primary Power Fail signal (PPF) goes active. The testable signal MALE is active if EPF is 
active and PSW Bit-2 is set or if PPF is active. When the micro-program loads Zero into PSW, the MPE and EPF Flags are 
reset. 

External Interrupts 

If individually enabled by the user's program, a peripheral device controller is allowed to request Processor service when 
the device itself is ready to transfer data. If PSW Bit-1 is reset, I/O device interrupt signals are ignored but queued, the 
signal (ATN) remains pending. However, when PSW Bit-1 is set the interrupt is acknowledged. 

The processor may service an I/O interrupt in one of two ways, depending on the state of PSW Bit-4. Refer to Figure 9. 
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FUNCTIONAL DIAGRAM ANALYSIS 



Introduction 



This section relates to Functional Schematic 01-094D08, Sheets 1 through 19. The last character, of the mnemonic symbol 
on INTERDATA Functional Schematics designates the logic level at the time the signal is actiie. For example; D050 is 
data line number 5 (D05). The last character (0) indicates that when DOS is active, the line is iit a logic level of ZERO. 
Refer to the General Description section of the Model 6/16 Maintenance Manual, Publication Number 29-470 for further 
information concerning the INTERDATA documentation system. 

CLOCK CONTROL 

The Clock Generator is shown on Sheet 12. The Clock System employs a free running 20MHz oscillator. The oscillator is 
adjusted by variable resistor R26. (For the semi conductor version of the machine the oscillatoi: is adjusted for 1.66 MHZ 
to compensate for a memory cycle time which is not divisable by 250ns.) 

Signal OSCO is used as the clock input to three flip-flops arranged as a feedback delay counter. Tile delay counter generates 
three overiapping clocks, CLKl, DCLKl, and DDCLKl. All Processor Clocks are derived ^om CLKl, DCLKl, and 
DDCLKl. The counter is initialized and held in the initialized state by SCLROA, on a Power-Down or Power-Up to inhibit 
clocks. A delayed system clear ACLRO is generated for the processor to assure that the procesfsor receives clocks in the 
proper sequence (refer to Figure 10 for clock timing). 



SCLRO 



OSCO 



njTjnjijnj"ijnjnjiJn_rLnj~i 



ACLRO 



CLKl 



DCLKl 



DDCLKl 



100ns 



*250ns- 



* THESE TIMES ARE 120ns & 300ns RESPECTIVELY FOR A SEMI MEMORY SYSTEM. 

Figure 10. Clock Timing Nominal 

The Clock Control Logic is also shown on Sheet 1 2. Two basic Processor Clocks are derived from CLKl . The first, the CPU 
clock (CPUCLKO), is the clock for the LSI micro-processor chips. It is disabled for I/O operations, and memory operations 
whenever MSTPO is active. 

The second Processor Clock generated is the ROM Data Clock (CKRDO, CKRDl). This clock is disabled by I/O operations 
(lOSTPO), memory operations (MSTPO), and RDSTPO which is a signal from the Repeat Countir which disables the ROM 
Data Qock for a fixed count n (n< 31), allowing a specific micro-instruction to be repeated n tirf5es. Refer to Figure 1 1 for 
a description of a clock cycle. The ROM Data Clock also serves as a destination clock. Clocks CLKl, DCLKl, and 
DDCLKl are used to synchronize memory and I/O operations. 



CKRDl 



RAR 

INCREMENTED 
OR LOADED 
ON A BRANCH, 
D1 OR D2. 

PREVIOUS ROM 
DATA LATCHED 
AT ROM OUTPUT 



ROM DATA 

VALID. DESTINATION 

FOR PREVIOUS 

MICRO-INSTRUCTION 

LOADED 



Figure 1 1 . Specific Clock Functions 
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INITIALIZE CONTROL 

System Initialize is performed by de-energizing the System Clear (SCLR) relay (19G7). This relay is de-energized as a result 
of the following: 

1. Placing the processor in an OFF condition. 

2. Operating the processor INIT (Initialize) switch. 

3. Activating PFDTO by an external source. 

4. Activating PFDTO from the optional Primary Power Fail detector if the input falls below the 
minimum operating level. 

5. Loss of either +5 VDC or (+1 2 OR 1 5 VDC) from the processor power supply. 

The SCLR function provides an orderly shut down of the processor as well as a reset signal to both the memory and the 
Multiplexor Bus. On a power up, the SCLR relay remains de-activated until all DC Voltages are within regulation. This 
assures predictable initial states of latched functions. 

An early Power Fail indication is provided to the user program if Bit-2 of the Program Status Word (PSW) is set. This 
indication is provided by the micro-program by means of a machine malfunction interrupt svv^ap. 

Upon receipt of a Power-Down indication by the hardware, PFDTO (19F1) active, the one millisecond timer (19J4) is 
triggered. The leading edge of this pulse sets the Early Power Fail flip-flop (19L5) which in turn enables, if PSW Bit-2 is set, 
a branch on Machine Malfunction to be taken by the micro-program. The micro-program tests to determine which 
condition caused the Machine Malfunction (MMALF) interrupt. If the Early Power Fail flip-flop (FEPF) is set, the 
micro-program signals the user program by means of a Machine Malfunction PSW swap. On the trailing edge of the pulse 
from the one millisecond timer, the Primary Power Fail flip-flop (19J6) is set, initiating a Power-Down sequence. 

The optional Primary Power Fail detector monitors the AC input by sampling the secondaries of a 12 VAC transformer, CI 
and C3 from the processor power supply. If the AC is lost or if the AC falls below a predetermined level PFDTO (19F1) 
and POWDNO (19D1) become active. Signal PFDTO initiates the Power-Down sequence and POWDNO provides a fast 
discharge path for capacitors C-46 and C-47 which de-energizes the SCLR relay and holds the relay OFF in the event that 
the AC voltage is fluctuating about its preset Power-Down level. 

NOTE 

With a semi-conductor memory system the Primary Power Fail 
detector is built into the Power Supply. 

READ ONLY MEMORY (ROM) 

The Read Only Memory (ROM) is a high speed, solid state, non-destructive memory which holds the micro-program. The 
ROM is organized into a single page of 512 words and each word is 24 bits in length. An additional page of ROM can be 
added to support optional features. Each page of ROM contains 3 Integrated Circuit (IC) packages arranged such that each 
IC holds 8 bits of each word on the associated page. An additional ROM chip (512 x 8) comprises the Decoder ROM 
(DROM). 

Each ROM IC contains two enable leads (CEl and CE2), and a si:robe lead (see Sheet 6). To enable the ROM chip CEl 
must be Low and CE2 must be High. The strobe (CKRDO) is used to latch the data at the output of the ROM. The ROM 
contains internal latches which are used to hold the ROM Data (RD), refer to Figure 12 for ROM timing. The RD register 
is internal to the ROM ICs. 



CKRD1 



ROM ADDRESS 



V ^ 



ROM DATA 



J X 



ROM OUTPUT 
LATCHED 1^ 
DURING 

THIS PERIOD 



Figure 12. ROM Timing 
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Decoder ROM (DROM) 

The Decoder ROM (DROM) is a single ROM Integrated circuit, refer to Sheet 5. It contain! 512 eight bit words. The 
DROM is addressed by the most significant eight bits of the Instruction Register (OP Code Field)'. Each of the 256 possible 
combinations of this decoded function may address two locations in the DROM, depending on the state of DIO (5D1), a 
decoded function of RDO, RDl, and RD2. When DIO is low, one of the first 256 words i)f the DROM is selected, 
corresponding to a micro-code Dl. Illegal instructions are decoded in the DROM. 

ROM Address Register (RAR) 

The ROM Address Register (RAR), sheets 5 and 6, is a 10 bit register which is loaded on the positive edge of CKRDl from 
the DROM during a decode micro-operation or the ROM Data bits during a branch micro-i)peration. The eight least 
significant bits of this register are arranged as a counter to allow sequential ROM addresses: in a given half page to be 
selected. The RAR is initialized on Power Up to address X'lOO' and the micro-program begins; execution at this location. 
Address Clear (ACLRO) is used to hold the ROM Address at X'lOO' allowing the ROM to latch the RD information 
accessed from ROM Address X'lOO', refer to Figure 10 for ACLRO timing. 

PROCESSOR REGISTERS 

The majority of the instructions contained in the micro-program are concerned with relocatiii: data from one processor 
register to another. Most of the processor registers are general purpose registers, however,: some do perform special 
functions. Each register is described in the following sections. 

Location Counter, Memory Address Register, and Memory Address Buffer (Refer to Sheet 17). 

The Location Counter is an up-counter which automatically increments by 2 on each Instructiim Read or Dl (non-RR or 
SF referenced) micro-instruction. The Location Counter can also be loaded directly from the S Bus. Anytime the Location 
Counter is loaded from the S Bus, the Memory Address Register (MAR) is also loaded with the same data. 

The Memory Address Register (MAR) is a two to one (2:1) multiplexer, with storage latches. The clock following an 
increment of the Location Counter causes the contents of the Location Counter to be copied'into the Memory Address 
Register. 

The Memory Address Buffer (MAB) is a two-to-one (2:1) multiplexer, the inputs of which ara the Location Counter and 
the Memory Address Register. During an Instruction Read, the contents of the Location Counter is gated onto the Memory 
Address Bus. During all other memory operations the contents of the Memory Address Register me present on the Memory 
Address Bus. The Memory Address Buffer outputs are disabled (high impedance state) whenever the processor is not 
selected such as during DMA operations. The Memory Address Buffer is also disabled by EXMBSYO (19) if a memory 
adapter card (35-608) is used. 

The Location Counter is a 15-Bit register and the Memory Address Register is a 16-Bit register. 

Memory Data Register (MDR) 

The Memory Data Register (MDR) is shown on Sheet 16. The MDR is a two-to-one (2:1) mult|)lexer with storage latches 
and is 16 bits wide. The inputs to the multiplexer originate from the S Bus and the Memory Data Receive Bus. The storage 
latches are edge triggered which are loaded by signals LDMDRH and LDMDRL. When the MDR is to be loaded from the S 
Bus the LDMDRH and LDMDRL signals are a combination of the MDR being selected and CKllD. When a Memory Read 
Operation is specified the LDMDRH and LDMDRL signals are generated by a combination of F31D and the removal of the 
Data Unavailable (DUA) signal by the memory. 

The MDR is divided into a High and Low half. The High half is loaded by the LDMDRH signaUand the Low half is loaded 
by the LDMDRL signal. If Cross Shift is specified by the micro-code, only MDR High is loaded Ivhen Bit-15 of the MAR is 
set and only MDR Low is loaded when Bit-1 5 is reset. 

The outputs of the MDR are presented to memory during the Write portion of a memory cycle. 

Instruction Register (IR) 

The Instruction Register (IR) is a 16-Bit register which stores the user instruction currently being executed. The IR is 
divided into three parts or fields; OP code field (Bits-0-7), YD field (Bits-8-1 1 ), and YS field (Bfts-l 2-15). The IR is loaded 
directly from the Memory Data Receive Bus (MRR) during an Instruction Read Memory operation. 

The OP code field (sheet 5), contains the encoded instruction to be performed. The OP code field outputs are presented as 
address to the Decoder Read Only Memory. Ninety-Six of the possible 256 combinations are defined as legal instructions 
(when Multiply, Divide option is included) and have unique entry points in the micro-program. The remaining 160 
combinations are directed by Direct the Read-Only-Memory (DROM) to the illegal instraction entry point in the 
micro-program. 
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The YD field is defined as the User Destination field. The YD field selects one of the 16 general registers, located in the 
LSI micro-controller chips (sheet 4), in which the result of the user instruction is to be stored. This portion of the IR 
(sheet 11) is arranged as an up/down-counter. If YDPl is specified in a micro-instruction the YD field of the IR is 
incremented by one at the end of the instruction. In the same manner, if YDMl is specified, the YD field of the IR is 
decremented by one at the end of the instruction. The YD field is also set to ZERO when Clear YD is specified by the 
micro-program. 

The YS field is the User Source field of the instruction being emulated. The second operand of the instrucfion is contained 
in the general register specified by YS for RR format instruction. This field also contains the number of the general register 
being used as the index register on an RX or RS instruction or data in SR instruction. 

Flag Register (FLR) and Condition Code (CC) 

The Flag Register (FLR) (sheet 13), is a four bit register which contains the Carry Flag (C), the Overflow Flag (V), the 
Greater Than Flag (G), and the Less Than Flag (L). The Flag Register outputs are copied into another four bit register, the 
Condition Code (Sheet 10), at the end of each user instruction being emulated. These flags represent results of instructions 
which are not otherwise indicated. 

The FLR is loaded from the S Bus whenever either the FLR or Program Status Word (PSW) register is specified as a 
destination. Tlie contents are copied into the Condition Code (CC) on an Instruction Read or after a Load PSW 
micro-instruction. The outputs from the FLR are also used by the Branch Circuit (sheet 14) for conditional branches. The 
contents of the CC are copied onto the B Bus (Bits-12-15) when the PSW is specified as the source register. 

The FLR (the Carry Flag, Overflow Flag, and Greater/ Less Than Flags) are also modifier as follows: 

The Carry Flag (C) is affected by any Arithmetic, Boolean, Shift, or Load micro-instruction if Carry Out (CO) is specified. 
The Carry Flag sets on a Shift if the bit shifted from the appropriate port on the LSI micro-controller (sheet 4) is set, if 
Carry (Carry 1) from the LSI micro-controller (sheet 4) is set on an Add, or if Carry 1 is inactive on a Subtract. In all other 
cases the Carry Flag is reset. 

The Overflow Flag (V) is directly set if false SYNC is detected on an I/O operation and is changed on any Add or Subtract 
micro-instruction if Flag (Fl) is specified. Overflow (OVLl) is a direct output of the most significant slice of the Central 
Processing Unit (CPU) (sheet 4) and is valid only on an Add or Subtract micro-instruction. 

The Greater Than (G) and Less Than (L) Flags change on any Load, Arithmetic, or Boolean micro-instruction providing 
Rag (Fl) is specified. The G Flag is set if the result of the operation is positive or if the result is Zero and either the G or L 
Flag were set from a previous operation. The L Flag is set if the resulting sign is negative. Either flag is reset if these 
conditions are not met. 

Shift Control 

The LSI micro-controller components making up the processor (Sheet 4) have the capability of shifting 16 or 32-Bits of 
data right or left under micro-program control. The ports on these chips associated with this capability are SLOSRI (Shift 
Left Out, Shift Right In), and SROSLI (Shift Right Out, Shift Left In) for shifting the general purpose register left or right. 
Signals QLOQRI (Q Register Left Out, Q Register Right In) and QROQLI (Q Register Right Out, Q Register Left In) are 
associated with a 16-Bit internal extension register for double precision shifting capability. The controls for this are shown 
on sheet 13. For single and double precision shifts. Carry Out (CO) is specified to load the C flag. Carry In (CI) is used as a 
control to determine whether data is rotated or shifted by the control logic. 

Table 6 shows the states of the shift ports of the processor. 

TABLE 6. PROCESSOR SHIFT PORT STATUS. 



FUNCTION 


SLISR01 


QL0QRI1 


SL0SRI1 


QLIQR01 


Shift Left 





Z 


z 





Shift Right 


Z 








Z 


Double Precision 
Shift Left 


z 


z 


z 


OorZ* 


Double Precision 
Shift Right 


z 


z 


OorZ* 


Z 



Z = Open collector output state, equal to bits being shifted out of these ports. 

* or Z depends on the state of Carry In (CI). 
CI = 1 for a rotate, and the port state is Z. 
CI = for a shift, and the port state is 0. 
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CPU, Data Multiplexer, and Cross Shift 

The CPU (sheet 4) is comprised of four Large Scale Integration (LSI) chips forming a 16-Bit w}de data path. Internal to 
these chips are an ALU (Arithmetic Logic Unit), a 16 x 16 general purpose register stack with dull port accessibility to the 
ALU, a 16-Bit extension register, and circuits to control shifts, both single and double precision. 

Data is presented to the CPU through a Data Multiplexer (sheets 8 and 9). The Data Multiplexer, under ROM Control, 
selects one of 8 inputs (16-Bits wide), unless it is an Immediate function. An Immediate functii)n disables the outputs of 
the Data Multiplexer (sheet 8), and passes the data from the Data Multiplexer through a second multiplexer network. The 
second multiplexer network either cross shifts the data or passes il through depending on the state of MAR 1 5 and whether 
or not Cross Shift is specified by the microcode. 

On Immediate micro-instructions, the output of the Cross Shift Multiplexer is disabled (High Z state) and the output of the 
Immediate Multiplexer is enabled. The outputs of these Multiplexers are OR-tied and present deta to the Data Inputs of 
the CPU chips. 

The Data Outputs of the CPU chips form the S Bus. 

I/O CONTROL 

An I/O operation is initiated if I/O is the Source or Destination of a micro-instruction. The I/O: control logic is shown on 
Sheet 15. If I/O is a source, then an Input operation is initiated or if I/O is a destination, an output operation is indicated. 
I/O Timing is discussed separately for input and output. 

Input 

Refer to Figure 13 for Timing information. When I/O is specified as a source, unload I/O (UIQ«)) (15G6) and lOSTOPO 
goes active. On the trailing edge of the next clock (CLKl) The Control In flip-flop (15G8) sets.Wn receipt of SYNO from 
the selected I/O device or the detection of False SYNC, the 14 millisecond Timer (15N7) timet; out, the SYNC flip-flop 
(15L8) sets which deactivates lOSTOPO. On The Trailing edge of the next CLKl the destination register is loaded and both 
the Control In flip-flop and the SYNC Flip-Flop resets completing the operation. 



CLKl 




i_rn__rn. 



FSYNO 



Figure 13. I/O Input 



Output 

Refer to Figure 14 for Output Timing information. An I/O out operation is very similar to the infut operation. When Load 
I/O LDIOO (1 5J6) is detected, lOSTOPO goes active and on the leading edge of the next CLKi; the Data flip-flop (1 5K8) 
sets. The output of the Data flip-flop is used to gate data To The Data Bus, D000:160. On th^ trailing edge of the next 
DDCLKl the Control Out flip-flop (15H8) is set which activates the specified output control line. The output operation 
now progresses in the same manner as the I/O Input operation discussed previously. 
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CLK1 
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FSYNO 



Memory Timing and Control 



Figure 14. I/O Output 



A memory operation can be initiated by the micro-program by specifying a Memory Read, Memory Write or an Instruction 
Read. An Instruction Read and a Memory Read Operation is identical except that an Instruction Read causes both the 
MDR and the Instruction Register to be loaded from the Memory Bus. In addition, a memory cycle can be commenced by 
a DMA Request, REQO (18F1) active. (The semi-conductor memory uses a DMA request in order to insure that the 
Processor does not attempt a memory operation during the time that an internal memory refresh operation is taking place.) 

Figure 15 depicts the memory timing and control functions for Processor initiated cycles. MEMI (18F1) indicates a 
memory operation is requested by the Processor. If the memory is not busy, FMBYO (18G1) inactive and a DMA request is 
not latched, FREQO (28F8) inactive, a processor memory operation is initiated, the Early Read flip-flop (18C5) is set on 
the trailing edge of Double Delayed Clock (DDCLKO). On this same edge, either the Write flip-flop (18D6) or the Read 
flip-flop (18J6) is set to differentiate between a memory read or a memory write operation. On the trailing edge of the 
next CLKl the four bit counter (18M6) is loaded with a value, which is dependent on the rhemory cycle time of the 
memory being used. (Refer to the strap option Table on Sheet 18 of the Function Schematics for strapping information 
for specific memory cycle times.) The output of the FMBYl counter is used for clock stops and memory timing control. 
The counter is incremented by one on each CLKl until the count goes from X'F' to X'O'. Tliis deactivates FMBYl. 
• MEM READ .^ UNLOAD MDR ^- MEM WRITE 



CLKl 



/— ivicivi nc«u /— uiMLVJMU iviun /— ivicivi vvni i c 

n_jn_jn__n_jn_n_jn_jn_rL_rL 



DDCLK1 




FMBYO = 3 CLOCKS (1.0 us CYCLE), 2 CLOCKS (0.75 us CYCLE), OR 1 CLOCK (SEMI MEMORY) 

Figure 15. Processor Memory Timing ( 1 .0 usee) 
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DMA memory timing, Figure 16, is similar to Processor Timing except that the sequence is stirted by a DMA request, 
REQO active. This signal is synchronized to the Processor clocks by the request flip-flop (18F6). Once this request is 
latched the DMA device requesting memory gets the next avilable memory cycle. Prior to generating ERO to the memory 
the Processor generates an Enable command (ENO) (18H8) to the DMA Bus. This signal is used by DMA devices to resolve 
contention during the active period of this line and on its trailing edge the DMA with the highest priority which is 
requesting memory becomes selected. 



MEM READ 



CLK1 




FMBYO 



Figure 1 6. DMA Memory Timing 

On the trailing edge of ENO the Processor Select flip-flop (18G6) becomes reset which causes the Memory Address and 
Memory Data Busses to be forced to a high impedence state by the Processor allowing the selecli-d DMA device to present 
its address and data to the memory. The first half of the CLKl following ERO generates INHO (18J6). INHO may be used 
by the DMA device to indicate that data is available and that the address and data information's latched in the memory. 
INHO, therefore, should be used to deselect the DMA device. 

Figure 16 shows two DMA transfers to a semi-conductor memory at the maximum transfer rate. During the first DMA 
memory cycle a Processor memory request is queued. Since the Processor has a lower priority than any DMA device, its 
memory request is not honored until both DMA requests are honored. 



Display System 



The Display System provides, if the Hexadecimal Display Panel is present, a means for reading the contents of all the 
system registers and any core memory location, together with the capability of manually enlkmng data and programs. 
Figure 17 shows the Hexadecimal Display Panel layout. Within the Hexadecimal Display Pantl are five eight-bit byte 
Display Registers, Dl through D5, that hold data output from the Processor, and a 20-bit Switch Register which stores 
data input from the Hexadecimal Keyboard. 
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Figure 17. Hexadecimal Display Panel 
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Associated with each Display Register Dl througli D4 are eight indicator lamps that provide a binary readout and two 
optional hexadecimal read-out indicators. Associated with Display Register 5 are four indicator lamps for binary display 
and one optional hexadecimal read-out indicator. 

The most significant four bits of Display Register D5 (Bits 0:3) control four of the five indicator lamps along the left edge 
of the Hexadecimal Display Panel. The fifth indicator lamp is controlled by logic internal to the Hexadecimal Display 
Panel. To the right of each of these five lamps is a diagram that defines what is being displayed. In general, only one of the 
diagram lamps is on at a time. If none of the diagram lamps are on, a user program has written data to the display registers. 

The most significant 20-bits of the display show the contents of Display Registers D3 and D4 and the least significant four 
bits of Display Register D5 (Bits 4:7) or the contents of the 20-bit Switch Register. When the Switch Register is being 
displayed, the lamp next to the Switch Register diagram is turned ON. Any other diagram lamp that may have been ON, 
remains ON. When the Switch Register is no longer displayed, its diagram lamp goes out and the most significant 20-bits of 
the display again shows the contents of Display Registers D3 and D4 and the least significant four bits of Display Register 
D4 (Bits 4:7) (refer to Table 7). 

TABLE 7. DISPLAY STATUS AND COMMAND ENCODING 



STATUS 
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7 
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Memory Write 




X 
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X 


X 






Memory Read 
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X 
X 
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1 




1 


X 
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X 
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X 
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X 
X 






Fixed Register 
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Function 
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The Key Operated Security Lock is a three-position, OFF-ON-LOCK, key operated locking switch, which controls the 
primary power to the system. This switch can also disable the Hexadecimal Display Panel, thereby preventing any 
accidental manual input to the system. The power indicator lamp (PWR) associated with the' key lock is located in the 
lower right corner of the Hexadecimal Display Panel. The PWR positions, primary power, tie Control keys, and the 
Hexadecimal keys are (see Figure 18): 

OFF The primary power is OFF. 

ON The primary power is ON and the Control keys and Hexadecimal kefs are enabled. 

LOCK The primary power is ON and the Control keys and Hexadecimal keys are disabled. 

The Hexadecimal Display Panel operating procedures may be found in the appropriate User's Maiiual. 

The Display Controller, 35-601, or the Display Controller with ALO, 35-602, must be used! to support the Binary or 
Hexadecimal Display Console or the Turnkey Console. Refer to Display Contoller Functional Schematic 02-405D08 during 
the following desciption. 



PROGRAM LOAD g^_ ^^^j 

ENABLE -^ ^5 /> 

(^ (^ (^ 

DISABLE -.., 

ON ^ 

LQSK 



Figure 18. Turnkey Console 



Data Transfer 



When the display is in the Normal mode, all data outputs are directed into Display Register Dl. Conditioning the controller 
to the incremental mode, via an Output command, causes the two bit counter (2M9) to be increraented at the trailing edge 
of DAGl. The output of this counter is decoded to activate LAO, in response to the first KVGl and then LBO for all 
subsequent DAGl 's until the counter is initialized. In this mode, the first DA loads Display Regi|ter Dl , the next DA loads 
Display Register D2. The next two DAs load Display Registers D3 and D4. This counter is iniialized by SCLRO, by an 
Output command placing the controller in the incremental mode, or whenever the display is iiddressed and the Normal 
mode is selected. 

Input data from the Switch Register to the Hexadecimal Display Panel is handled in a similar maimer as output data. In the 
Normal mode or on the first Data Request (DR), if in the Incremental mode, Switch Registei Bits 12:19 are read. The 
second DR, in the incremental mode, reads Switch Register Bits 4:1 1. The two bit counter (2M7) directs the DR to the 
appropriate group of Switch Registers. This counter is initialized by the same function as the lour bit counter discussed 
previously and is incremented at the trailing edge of DRGl. 

NOTE 

Bits 0:3 of the Switch Register are gated out as part of the status 
byte when address is read. 

Control Logic 

When the display requires micro-program support, it generates two outputs, ESNOO and ESNQ), which are latched in the 
RS flip-flop at 2K2. The output of this flip-flop sets the Console Attention flip-flop (CATN) at 2L2. This flip-flop is reset 
by GADRO when the Processor addresses the display or by SCLRO. 

When the SGL function switch is depressed, SSGLl becomes active (2G4) and ESNCO AND l^iNOO are generated which 
cause the Single flip-flop (2L3) to become set. This flip-flop remains set until another execute is generated and the SGL 
function is not selected. 

Status Input 

The status byte encoding is shown in Table 8. The status byte is gated onto the SD00:07 lin^ by the SRGO lead. SRGO 
gates the SD00:07 lines onto Bits 08: 1 5 of the D Bus. 
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TURNKEY CONSOLE 

This panel provides a means of controlling the system power, initializing the system, and generating a Console Attention 
(FCATN) to start program execution, if the Primary Power Fail/Auto Restart option is not installed. 

This option conditions the Processor to the Run mode by grounding SSGLl, SDOll, SD021, and SD031 at the Control 
Console connector. The Display Controller, when addressed by the micro-program in the power up sequence, indicates the 
Run mode. With the Auto-Restart option present, program execution commences at the address specified in the Location 
Counter (LOC), when the system is turned on and without the Auto-Restart option the micro-program performs a normal 
power sequence and then goes to the un-interruptable idle Loop until the Execution (EXE) switch is operated. 

BASIC SWITCH PANEL 

The Basic Switch Panel provides a means of controlling system power if an optional Display Controller is not equipped. 
The switch on this option is a single throw double pole switch. One set of contacts is used to jumper CI and C2, which 
turns on the power supply or supplies in the system, while the other set of contacts grounds PFDTO (19) going to the 
Processor to provide an early power fail indication which enables the controlled power down sequence. 

Automatic Load Option (ALO) 

Refer to Functional Schematics, 02-405 D08, Sheet 3 during this discussion. This option is present on 35-602, Display 
Controller with ALO, or 3 5-603 , ALO. 

The Automatic Load Option is used to store program information in non-destructive Read-Only-Memory (ROM) integrated 
circuits. A maximum of eight-4K-Bit ROM chips may be installed on a single option board. This provides a storage 
capability of up to 4K-bytes of information. The ALO is a halfword device which transfers data 16-Bits at a time. 
Eight-bits of data come from one 512x8-bit ROM while the other 8-bits come from another 512x8-bit ROM. Due to this, 
ROM chips must be used in pairs (i.e. ROMOA and ROMOB, ROMl A and ROMIB, etc.) 

The ALO is enabled, ALENl (3F3), by SCLRO. Upon power up the micro-program tests the Halfword Control Line 
(HWO) (354), if active ALENl high and SI in the Enable position, the micro-program loads the data contained in the ROM 
devices on the ALO. The data format is shown in Table 8. 

TABLE 8. ALO DATA FORMAT 



WORD PSW 



WORD 


1 


LOC 


WORD 


2 


START ADDRESS 


WORD 


3 


END ADDRESS 


WORD 


4 


DATA 


WORD 






WORD 







WORD N DATA 



The eleven-bit counter (3D5-3H5) is initialized to X'OOO' by SCLRO and is incremented following each Data Request on 
the trailing edge of FDATO (3B5). The micro-program continues to read the ROM data until all data between the start and 
end addresses is loaded into memory. 

The ALO is disabled, ALENl inactive, on the leading edge of the first Address Control Line (ADRSO), independently of 
the device address. 

MAINTENANCE 

This section describes maintenance procedures which may be used to check and, if necessary, adjust the Processor. 

There is only one adjustment associated with the Processor. Check Basic Qock (BCLKO) found on connector 104-3, the 
Test Aid connector, for a clock period of 250, 300 nanoseconds for the semi-conductor memory version of the Processor. 
This adjustment is very stable and need only be made if a check indicates that it is out of tolerance. Adjust variable 
resistor, R26, to bring it into tolerance. 

Use the 06-106 Processor Test to perform a comprehensive test of the 6/16 Processor. 
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MNEMONICS 



The following list provides a brief description of each mnemonic found in the Model 6/16 Prdi;essor. The source of each 
signal on Schematic Drawing 01 -094 DOS, is also provided. 



MNEMONIC 

ACKO 

ACLRO 

ADD 

ADRSO 

AMODl 

ATNO 



DESCRIPTION 

Acknowledge Control Line to MPX Bus 

Delayed System Clear 

Add 

Address Control line to MPX Bus 

YS Equals Zero 

Attention Request Line 



LOCATION 



15D9 

12N3 

7J7 

15F9 

11H9 

14L2 



BO 

B000-B150 
BCLKO 
BRSELO 



YD, YS Address Control 
Data From B Bus 
Buffered Processor Clock 
Branch Select 



7L.7 
Sheet 
12N4 
14E9 



CARRY 1 

CATNO 

CBRSELO 

CIl 

CKRDl 

CLKO 

CLO70 

CLRO 

CLRFLRO 

CLRYDO 

CMDO 



Carry from CPU 

Console Attention Request Line 

Qocked Branch Select 

Carry In Enable 

ROM Data Clock 

Processor Clock 

Control Line 7 from MPX Bus 

Clear RAR 

Clear Flag Register 

Qear YD Address Register 

Command Control Line To MPX Bus 



4A5 

14M2 

5K8 

1356 

12N8 

12N5 

19G5 

5N8 

11D9 

11C4 

15D9 



DAO 
DB000-DB151 



Data Available Control Line to MPX Bus 
Outputs of Data Buffer 



15E9 

15B1,C1,D1,E1,F1,G1, 

Hi,Jl,Kl,Ll^Ml,Nl 



DBFO 

DBRCHO 

DCLKO 

DDCCKO 

DI000-DI151 

DIRO 

DMRO 

DMWO 

DO001-DO151 

DRO 



Decoded Branch on False Condition 

Decoded Branch 

Delayed Processor Qock 

Qock Delayed from DCLKO 

Data in Bus to CPU 

Decode Instruction Read 

Decoded Memory Read 

Decoded Memory Write 

Bus Outputs of the CPU Elements 

Data Request Control Line to MPX Bus 



7D7 

7i:7 

IfNl 

12N1 

4F'9, 4G9, 4H9,4J9, 4K9, 4L9 

71)7 

7D7 

71)7 

4F3,4G3,4J3,4K3,4L3 

l!C9 
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MNEMONIC 


DESCRIPTION 


DR081 


DROM Output Bit 8 


DR081-DR151 


DROM DATA 


DIO 


DROM Decode 1 


D20 


DROM Decode 2 


ENO 


Enable From Memory Bus 


ERO 


Memory Read or Write Enable 


EXBSYO 


External Busy to Processor From M{ 


EXDUAO 


Data Unavailable From Memory 


EXSTPO 


External Clock Stop 


FDATO 


Data Flip-Flop to MPX Bus 


FINRO 


Instruction Read Flip-Flop 


FEPFO 


Early Power Fail Flip-Flop 


FLDREGO 


Load External Register Flip-Flop 


FLPTO 


Floating Point Control 


FLR121-FLR151 


Flag Register Outputs 


FLRSELO 


Destination Select for Flag Register 


FMBYl 


Memory Busy Flip-Flop 


FPARl 


Parity Error Flip-Flop 


FPPFl 


Power Fail Flip-Flop 


FPSELl 


Processor Select Flip-Flop 


FRDl 


Read Flip-Flop 


FREQO 


Request Flip-Rop 


FTITO 


Clock Stop Test Point 


FWAIT 


Wait Flip-Flop 


Fl 


Set Flags Enable 



LOCATION 

SE9 

5E3, SE5, 5E6 

7D7 

7D7 

1848 

18C8 

18S2 

18H1 

12B7 

15K9 

riEl 

19L9 

19C6 

11B5 

13G9, J9, L9, N9 

7F7 

18K8 

19M9 

19K9 

18G8 

16A1 

18F8 

12B7 

11C9 

13Rg 



HWO 



Halfword Control Line from MP>[ Bus 



14B1 



INHO 

101 

lODMAO 



Inhibit From Memory Bus 
Decoded I/O Operation 
I/O DMA Request Line 



18J8 
15J9 
I4G2 



lOSTPO 
IO001-IO151 



Clock Stop for I/O 

I/O Inputs From MPX Bus 



15G9 

I5B1,C1,D1,E1,F1,G1, 
HI,J1,K1,LI,MI,N1, 
Rl 



JAMCCO 
JCICOO 



Jam Condition Code 

Jam Carry In and Carry Out 



7C8 
11B5 
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MNEMONIC 



DESCRIPTION 



LOCATION 



LDCCO 

LDCTO 

LDDESTO 

LDIOO 

LDREG 

LMDRHl 

LMDRLl 

LOC001-LOC151 

LOCSELO 

MAOOO-MAl 50 

MAR001-MAR151 

MARSELO 

MRR001-MRR151 

MSKl 

MSTPO 



Load Condition Code 

Load Repeat Counter 

Decoded Load Function (Load Destination) 

Load I/O 

Load External Registers 

Load Higli Order Byte of MDR 

Load Low Order Byte of MDR 

Location Counter Outputs 

Destination Selector for LOC 

Memory Address Bus 

MAR Outputs 
Destination Select for MAR 
Memory Register Receive Bus 
Mask on Condition Code 
Qock Stop For Memory 



11 \1 

7G7 

13^ ^4 

7F7 

19B9 

1109 

1109 

17B8, E8, H8, L8 

7G7 

17C9, D9, F9,G9, J9, K9, 

M9, N9 

17D6, 17G6, 17K6, 17N6 

7F7 

16D1,16E1, 16G1, 16K1 

lONl 

12J9 



OVLO 



Overflow 



4A5 



PERRO 

PFDTO 

POWO 

POWDNO 

PSW001-PSE151 

PSWSELO 



Parity Fail Detected 
Power Fail Detector 
Power Down Command 
Power Down Signal 
PSW Outputs 
Destination Select for PSW 



19M2 

19F2 

1185 

1902 

1CA6,B6, G6, S5 

7C.8 



QLIQROl 
QLOQRIl 



Shift Q Left In, Shift Q Right Out 
Shift Q Left Out, Shift Q Right In 



4A7 
4/^7 



RAR061-RAR151 
RD001-RD231 



ROM ADDRESS Registers 
ROM Data Bus 



5K1,5N4, 5N6, 6C6 

81 3, 8L4, 8L5, 8L6, 8L7, 8L8 



RDSPO 
REQO 



ROM Data Clock Stop 

DMA Request for Memory Cycle 



11 N9 

1FF2 



SCLR 

SINGLO 

SHI 

SLISROl 

SLOSRIl 

SRO 

SUBO 



System Clear 

Single Step Request Line 

Decoded Shift 

Shift Left In, Shift Right Out 

Shift Left Out, Shift Right In 

Status Request Control Line to MPX Bus 

Subtract 
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4a7 
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MNEMONIC 

SUPINCO 

SVO 

SYNO 



DESCRIPTION 

Suppress Location Counter Increment 
Set Overflow on False SYNC 
SYNC to MPX Bus 



LOCATION 



7A7 

15N9 

15M9 



UIOO 
UMDRO 



Unload I/O 
Unload MDR 



7N7 
7R7 



WTO 



Write Signal to Memory 



18D8 



XIMMl 



Immdiate Control Line 



9A1 



YD01-YD31 

YDIO 

YDMIO 

YDPIO 

YS01-YS31 



Outputs of the User Destination Register 

YD Immediate 

Decrement YD 

Increment YD 

Outputs of the User Source Register 



11K9 

7R7 

11D4 

11D4 

11F9 



ZEROl 



Zero Result on S Bus 



4A5 
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02-403 Al 2 
October 1975 



M 71 -094 
MULTIPLY/DIVIDE CARD 
INFORMATION SPECIFICATION 



INTRODUCTION 

Tlie Multiply /Divide card is a half-board which resides in the Model 6/16 Processor chassis. I The Multiply /Divide card 
provides the means for executing Multiply or Divide instructions under micro-program contit)l. The processor provides 
operands to the Multiply/Divide card which in turn processes the operands and returns an answer to the processor. 

INSTALLATION 

Refer to the appropriate processor installation specification for applicable installation informatio i. 

BLOCK DIAGRAM ANALYSIS 

Refer to the block diagram of the Multiply/Divide option, Sheet 1 of the Multiply/Divjde Functional Schematic 
02-403 DOS. 

Inputs to and outputs from the Multiply/Divide card are over the standard I/O Multiplexor Bus and are under micro- 
program control. Special signals to the card from the processor are: MDO, which selects the carcj for receiving data over the 
I/O Bus; LDREGO, which is data from the processor to the option card; EXSTPO, a signal from fie card to the Processor to 
stop the clocks while the card is performing its operations. 

CLOCK AND CONTROL 

This portion of the card circuit controls the loading of registers from the I/O Bus, the unloading; 3f registers to the I/O Bus, 
synchronizing the on-board clock stop, and controlling the data paths on the card. 

B-REGISTER 

The B-Register contains the positive operand for Multiply operations and the two's complcfiient negative operand for 
Divide operations. 

SRH and SRL 

SRH and SRL is a 32-Bit register with Shift Left, Shift Right, and Load capabihty. For Multiply operations SRH is 
initialized to Zero and SRL contains the Multiplier. SRL is shifted left for Divide operations aril shifted right for Multiply 
operations. SRH is either loaded and shifted left or just shifted left on Divide operations. Trhe Divide Shift Network 
provides the load and shift function on Divide operations. The decision to just shift or to lo^l and shift is made by the 
Control Section. SRH is either shifted right by direction of the Control Section on Multiply operations or the output of 
the adder is loaded. The Multiply Shift Network provides a pre-shift to the partial product cctoitained in SRH so that the 
Multiply and Divide operations are completed in the same number of clocks (16). 

At the completion of an operation, the results are stored in SRH and SRL. The 32-Bit result: of a Multiply operation is 
stored in SRH and SRL or, in the case of a Divide, the quotient is stored in SRL and the remainler is stored in SRH. 
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FUNCTIONAL ANALYSIS 

When reading this section, refer to Functional Schematic 02-403 D08. 
Loading SRH,SRL and B Registers 

Data is placed on the common BD Bus (BDOOl-151) from the I/O Bus when the M/DO signal from the processor is active. 
When the data to be transferred is valid on the I/O Bus, the LDREGO control line from the processor is activated for one 
processor clock. Signals LDREGO and BCLKO provide a load clock for the B, SRL, and SRH registers according to a 
sequence determined by a counter at 4C2, 4D2, 4E2 and 4F2. The LDAO signal (4H4) loads data from the BD Bus mto the 
B-Register, and also clears SRH. The LDBO signal load SRL from lihe DB Bus, and LDCO loads SRH. If the LDCO clock is 
not generated, the operation to be performed is assumed to be a Multiply and the Divide flip-flop (4H5) is not set. 

CLOCK CONTROL 

The removal of MDO by the processor causes EXSTPO to be activated stopping all processor clocks except the Basic Clock 
(BCLKO). On the BCLK, following the activation of EXSTPO, the local clock is started and 16 clock pulses are generated 
on the Multiply/Divide Option Board. At the end of the 16 clock period the Multiply or Divide operation is complete and 
EXSTPO is deactivated. (This signal is synchronized to the Processor clocks by BCLKO.) For one processor clock period 
.following the removal of EXSTPO, the contents of SRL is gated to the I/O Bus and, during the following processor clock 
period, the contents of SRH is gated to the I/O Bus. 

MULTIPLY 

Prior to the commencement of the Multiply operation, the B-Register has been loaded with the multiplicand, SRL has been 
loaded with the multiplier, and SRH is set to zero. All operands are positive in form. (If negative the micro-program two's 
complements the numbers prior to loading.) The control lines for SRL (SRLSOl and SRLSl 1) are set for shift right. The 
control line for SRH (SRHOl and SRHSl 1) will either be set for load SRH, if the least significant bit of SRL (SRLl 51 ) is a 
logical One, or will be set for a shift right, if SRLl 51 is a logical Zero. The Divide Shift Network is disabled and passes the 
sum of the addition between the content of the B-Register and shifted left partial product contained in the SRH directly to 
the BD Bus. SRL is shifted right 16 times so that all 16 bits of the multiplier are tested. At the end of this time, SRH con- 
tains the most significant 16 bits of the result and SRL contains the least significant 1 6 bits of the result. 

DIVIDE 

Prior to the start of the Divide operation SRH and SRL contain the dividend in positive form (if negative the two^s 
complement of the dividend is loaded by the micro-program) and the divisor is loaded into the B-Register in two's 
complement form. The quotient bit is the carry formed by the addition of SRH and B. Whenever the carry is positive 
(logical one) the partial remainder at the outputs of the adder is gated into SRH shifted left. Signal SRL is also shifted left 
and the carry is shifted into the least significant bit of SRL (SRL 1 5 1 ). If carry is a logical zero SRH and SRL are shifted 
left one position and the outputs of the adder are ignored. Carry is again shifted into SRL. SRL is shifted left 16 times at 
the end of which SRL contains the quotient and SRH contains the remainder of the division. 

Figures 1 and 2 are timing diagrams representing the timing of the Multiply /Divide Option Board 35-605. 

ADJUSTMENTS 

The only adjustment on the M7 1-094 Multiply/Divide card is that of the on-board oscillator. The oscillator" frequency is 
adjusted by means of potentiometer R2, which is adjusted for an 80 nanosecond period (12.5 megahertz) as measured at 
the test point on the outer edge of the Multiply/Divide Option card. 
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BCLK1 



A6PIN6 QA 



A6PIN9 QB 



A16PIN5 QC 



A17PIN11 LDAO 



A17PIN8 LDBO 



A17PIN3 LDCO 



A16PIN9 STP1 



A7PIN5 CLKEN1 



A27PIN6 EXTSTPO 



A19PIN8 FSTCLKO 



A18PIN8 CLRO 



A15PIN5 



A26PIN11 



A25PIN5 



A25PIN6 UNLDSRH1 




Figure 1 . Multiply Timing 
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BCLK1 




UNLD1 



Figure 2. Divide liming 
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MNEMONICS 



The following list provides a brief description of each mnemonic found in the Multiply/Divide Option Board. The source of 
each signal on Functional Schematic 02-403 DOS, is also provided. 



MNEMONIC 



MEANING 



SCHEMATIC 
LOCATION 



B001:151 

BCLKO 

BD001:151 

CARRY 1 

CLKENO 

CLRO 

D000:150 

DB00:150 

DIVO 

EXSTPO 

FSTCLKO 

LDAO 

LDBO 
LDCO 
LDREGO 

MDO 

MO 

MRESETO 

SCLRO 

SRH001:151 

SRHCLKO 

SRHXl 

SRIOl 

SRL001:151 

SRLXl 

STPl 

UNLDl 

UNLDSRLl 

Z001:Z151 



Outputs of B-Register 

Basic Clock From CPU 

The Outputs of either the 2: 1 MUX following 
the Adder or the Inverted D-Bus data 

Carry out of the 1 6-Bit Adder 

Enables the Clock System of the M/D Board 

The OR of SCLRO and MRESETO 

Processor's Bidirectional Data Bus 

Outputs of either SRH,OR SRL to the D-Bus 

Divide output of the Multiply /Divide flip-flop 

External Stop to Processor Clock Stop Logic 

Fast Clock used to perform the Multiply or 
Divide Functions on the Option Board 

A Output of Load Sequencer loads the 
B-Reg and clears SRH 

B Output of Load Sequencer. Loads SRL 

C Output of Load Sequencer. Loads SRH 

Load Register Signal from Processor. Indicates 
Data available. 

Multiply /Divide select line from Processor 

Multiply output of Multiply/Divide flip-flop 

Master Reset. Initialize function for M/D Option 

System Qear from Processor 

Outputs of SRH 

Clock to SRH 

Conditions SRH to either the Shift Right, Shift 
Left, or Load Mode. 

Shift Right into SRL 

Outputs of SRL 

Conditions SRL to either the Shift Right, Shift 
Left or Load Mode. 

Output of Stop flip-flop 

Enables D-Bus drivers to unload results 

Selects the contents of either SRH or SRL 
to be gated onto the D-Bus. 

Outputs of the 1 6-Bit Adder 



Sheet 3 
4A2 
Sh«-ets 2, 3 

3B1^ 

4A5 

4N8 

Sheet 2 

Shf,et 2 

4H5 

4RZ 

4F5 

4H3 

4H3 
4H3 

4A2 

4A2 
4LI 
4K8 
4K8 

4K3 

4N4 

3L8 
4K3 
4K4 

41:! 
4R6 
4K6 

Sheet 3 
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APPENDIX 1 
EXAMPLE MULTIPLY/DIVIDE OPERATION 

Appendix 1 shows an example of a multiply operation, Table Al-1 , and a sample of a divide operation, Table Al-2. 
TABLE Al-1. Sample Multiplication X*llll'*X'llll'=X'0123432l' 



B-Reg = 


= 0001 0001 0001 0001 














SRH 






SRL 







0000 


0000 


0000 


0000 


0001 


0001 


0001 


D001 


1 


0000 


1000 


1000 


1000 


1000 


1000 


1000 


5000 


2 


0000 


0100 


0100 


0100 


0100 


0100 


0100 


CI 00 


3 


0000 


0010 


0010 


0010 


0010 


0010 


0010 


LOIO 


4 


0000 


0001 


0001 


0001 


0001 


0001 


0001 


C001 


5 


0000 


1001 


0001 


0001 


0000 


1000 


1000 


1000 


6 


0000 


0100 


1000 


1000 


1000 


0100 


0100 


MOO 


7 


0000 


0010 


0100 


0100 


0100 


0010 


0010 


D0 10 


8 


0000 


0010 


0010 


0010 


0010 


0001 


0001 


E001 


9 


0000 


1001 


0001 


1001 


1001 


0000 


1000 


1000 


10 


0000 


0100 


1000 


1100 


1100 


1000 


0100 


CI 00 


11 


0000 


0010 


0100 


0110 


0110 


0100 


0010 


C010 


12 


0000 


0001 


0010 


0011 


0011 


0010 


0001 


C'001 


13 


0000 


1001 


0001 


1010 


0001 


1001 


0000 


1000 


14 


0000 


0100 


1000 


1101 


0000 


1100 


1000 


CI 00 


15 


0000 


0010 


0100 


0110 


1000 


0110 


0100 


D010 


16 


0000 


0001 


0010 


0011 


0100 


0011 


0010 


pool 
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Al-1 



APPENDIX 1 (Continued) 



TABLE Al-2. Sample Divide X'3FFF7FFF7x'7FFF' =X'7FFE'X'7FFF' 



B= 1000 0000 0000 0001 



SRH 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 



0011 


1111 


1111 


1111 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 


0111 


1111 


1111 


1110 



SRL 



CARRY 



0111 1111 1111 1111 

1111 1111 1111 1110 

1111 1111 1111 1101 

1111 1111 1111 1011 

1111 1111 1111 0111 

1111 1111 1110 1111 

1111 1111 1101 1111 

1111 1111 1011 1111 

1111 1111 0111 1111 

1111 1110 1111 1111 

1111 1101 1111 1111 

1111 1011 1111 1111 

1111 0111 1111 1111 

1110 1111 1111 1111 

1101 1111 1111 1111 

1011 1111 1111 1111 

0111 1111 1111 1111 



Al-2 
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02-232M01R03A20 
June 1974 

M70-103 

NS SELECTOR CHANNEL 

INSTALLATION SPECIFICATION 

1. INTRODUCTION 

This specification provides the necessary information for the installation of the 02-232 Selector Channel (SELCH) (Prod- 
uct Number M70-103) in a Model 70, 74, 80, 7/16 or 7/16 HSALU Processor System. Tie NS Selector Channel is 
complete on one 35-39 1M02 printed circuit board. 

2. PITYSICAL CHARACTERISTICS 

2.1 Dimensions 15 3/8 x 14 7/8" 

2.2 Weight 2^ pounds maximum 

3. INSTALLATION 

The NS SELCH may be installed in any even numbered universal expansion slot (i.e. , 0, Jf, 4, or 6) in the Central Pro- 
cessor Unit (CPU) or in the first memory-I/O expansion chassis. See Figure 1. On 7/16 HSALU the NS SELCH 
may only be installed in Slot of the CPU back panel. 

To install a NS Selector Channel on a Model 74 or a 7/16 BASIC, the Selector Channel must be a 35-391M02. To 
install a Selector Channel on a 7/16 HSALU the Selector Channel must be a 35-391M02, R^2 or higher. 

NOTE 

A SELCH may be installed in slots 0, 1, or 2 
of a Model 80/85 CPU chassis only. In this case 
cutting of the Multiplexor Bus is not necessary. 

3. 1 Back Panel Wiring 

3.1.1 Multiplexor Channel Bus. At the time of installation it is necessary to cut tte Multiplexor Bus wiring be- 
tween the even numbered slot accepting the SELCH and the next higher numbered slot on thf; One (1) connector only. The 
RACKO/TACKO daisy chain wiring on the back panel is rerouted according to Figure 1. Tlie lower numbered card slots 
in the chassis become part of the private SELCH Bus on the One (1) connector only. 

For the convenience of cutting the Multiplexor Bus, the connections between every other alot are made using "top" wire 
wraps. (This refers to wire wrap back panels only. ) This allows the cutting of the bus by simply lifting the top wraps 
when the SELCH is installed in an even numbered slot. Refer to Figure 1 A during the following example. 

To install a SELCH in Slot 4: 

1. Remove all wires on Connector One (1), between Slots 4 and 5, on Pins 11 throligh 26, Rows 1 and 2. (See 
backpanel map in 02-232M01D08 Sheet 7. ) 

2. Remove the wire between 222-0001 and 122-0700. 

3. Remove the RACKO/TACKO jumper between Pins 122 and 222 on both the Zero |0) and One (1) connectors of 
Slot 4. 

4. Connect 122-0700 to 222-0501. 

5. Install the SELCH into Slot 4 of the chassis. The private SELCH Bus now appears on the Connector One (1) 
side of Slots 4,3,2,1, and 0. All slots on the Connector Zero (0) side and Slots 7,6, and 5 on Connector One 
(1) side remain as standard Multiplexor Bus slots. 

To install a SELCH in any other even numbered slot of a CPU chassis or a Memory-I/O chkssis, a similar procedure 
is followed. Refer to Figure 1 B, C, D, and E. 
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MEMORY 
I/O CHASSIS 




NOTE: THE CIRCLED NUMBERS ON ILLUSTRATIONS A.B.ANDC 
REFER TO THE CORRESPONDING NUMBERS IN THE 
FOLLOWING INSTALLATION PROCEDURES. 

TO INSTALL A SELECTOR CHANNEL IN SLOT 4 OF THE MEMORY 
I/O CHASSIS 

® CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

(D JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

(3) THIS SECTION BECOMES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN. I) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE, AND 
SLOTS 7, 6 AND 5 ON CONNECTOR ONE SIDE REMAIN A! 
STANDARD MULTIPLEXOR BUS SLOTS. 

(4) IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS BY INSTALLING A CABLE HERE. 

(D EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 
BY INSTALLING A CABLE HERE. 

(D MEMORY MODULE 7, IF IT EXISTS, MUST BE LOCATED 
IN SLOT 3. 



B 



MODEL 70, 

7/16 OR 7/16 HSALU 

CPU CHASSIS 



CONN 
A 



CONN I 

B 



122-0300 222-0301 



XilL 






® 



TO INSTALL A SELECTOR CHANNEL IN SLOT 2 OF THE CPU 
CHASSIS 

(D CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

(D JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

(3) THIS SECTION BECOMES THE PRIVATE SELECTOR BU 
ON THE CONNECTOR ONE (CONN. I) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE 
REMAIN AS STANDARD MULTIPLEXOR BUS SLOTS. 

(4) IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS BY INSTALLING A CABLE HERE. 

d) (D EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 

BY INSTALLING A CABLE HERE. 

NOTE: I 

IF A MEMORY I/O CHASSIS IS USED IN THE SYSTEM 
_ ANY SELECTOR CHANNELS MUST BE INSTALLED IN 

•0 THAT CHASSIS. 

NOTE: 2 

A SELECTOR CHANNEL MAY NOT BE INSTALLED IN 
SLOT 2 OF THE 7/16 HSALU. SLOT IS THE ONLY SLO' 
IN WHICH A SELCH MAY BE INSTALLED. 



MEMORY 
I/O CHASSIS 



7 -4- 
6C= 



5 -6- 



4G 



3 -7- 



2(E 



J -«- 



OG 



CONN 
A 



CONN I 
B 



122-0700 r 
1^ 



^ 



222-0701 



^^^= 



x®. 



CD' 



^- 



.X®. 



A 



XQ. 



V 



X®. 



s 



® 



TO INSTALL 4 SELECTOR CHANNELS (IN SLOTS 6, 4, 2 AND 0) 
OF THE MEMORY I/O CHASSIS 

® CUT THE MULTIPLEXOR BUS IN FOUR PLACES. 

(2) JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

(D EACH SELCH, EXCEPT THE ONE IN SLOT 0, HAS ONE 
SLOT AVAILABLE ON ITS PRIVATE BUS. THE PRIVATI 
BUSSES CAN BE EXTENDED TO OTHER CHASSIS BY 
INSTALLING CABLES IN SLOT POSITIONS 0,1,3 AND 5 
ON CONNECTOR ONE (CONN. I ) SIDE. 

(4) ALL SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE 
REMAIN AS THE STANDARD MULTIPLEXOR BUS. THIS 
BUS CAN BE EXTENDED BY INSTALLING A CABLE HERE 

(D MEMORY MODULES 5 AND 7, IF THEY EXIST, MUST Bi 
LOCATED IN SLOTS I AND 3. 



Figure 1. Backpanel Modifications 
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CONN 



MODEL 

7/16 OR 74 

CPU CHASSIS 



2G 



CONN I 
B 



222-0501 




\2 22-030l X(T) 



(D 



® 



® 



TO INSTALL A SELECTOR CHANNEL IN SLOT 2 OF THE CPU 
CHASSIS 

(?) CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

(2) JUMPER RACK0/TAI;K0 AS SHOWN, REMOVE DASHED 
JUMPER. 

(3) THIS SECTION BECCWES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN. I) SIDE ONLY. ALL 
SLOTS ON THE COt#IECTOR ZERO (CONN.O) SIDE 
REMAIN AS STANDARD MULTIPLEXOR BUS SLOTS. 

® IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS BY INSTALLING A CABLE HERE. 

(5) EXTEND THE MULTi'LEXOR BUS TO OTHE CHASSIS 
BY INSTALLING A GABLE HERE. 

NOTE: 

IF A MEMORY I/O CHASSIS IS USED IN THE SYSTEM, 
THE SELECTOR CHANNEL MUST BE IN SLOT OF THE 
CPU CHASSIS OR IN SOME SLOT OF THE EXPANSION. 



MODEL 80 
CPU CHASSIS 




TO INSTALL A SELECTOR CHANNEL IN SLOT 0,1 OR 2 
CHASSIS — 

(T) JUMPER RACKO/TAtKO AS SHOWN, REMOVE DASHED 
JUMPERS. 

(T) THIS SECTION BECOMES THE PRIVATE SELCH BUS ON 
THE CONNECTOR ONE (CONN. I) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR (CONN.O) SIDE REMAIN 
AS STANDARD MULTIPLEXOR SLOTS. 

(f) EXTEND THE SELCH BUS TO OTHER CHASSIS BY 
INSTALLING A CABLE HERE. 

(3) EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 
BY INSTALLING A CABLE HERE. 

NOTES: 

1. IF A 17-183 CABLE IS INSTALLED BETWEEN CONNECTORS 
ZERO AND ONE IN THE CPU CHASSIS. THIS CABLE MUST 
BE REMOVED PRIOR TO INSTALLING SELCH. 

2. THE INSTALLATION :0F A SELCTOR CHANNEL OR OTHER 
I/O DEVICE CONTROLLER IN THE M80 CPU CHASSIS 
REDUCES THE MAXIMUM MEMORY SIZE BY I6K BYTES 
(ONE MSU) FOR EACH SLOT USED! 

3. ONLY ONE SELECTOR CHANNEL MAY BE CONFIGURED 
IN THE MODEL 80 PROCESSOR CHASSIS. 



Figure 1. Backpanel Modifications 
(Continued) 

3.1.2 ACTQ/TACO . The ACTO/TACO jumper between Pins 137-0 and 237-0 must he removed from the slot used 
by the SELCH controller. If the Selector Channel is not the first Direct Memory Access (t)MA) channel on the Memory 
Bus, jumper "K" on the SELCH controller must be removed. Note that on a Model 74 only one DMA device is permitted. 

NOTE (Not Applicable on Model 74) 

On installations with Multiple SELCH's, remove the "END" 
and the "INHO" filters on all but the last SELCH (Remove the 
following: R70, R72, C59 and C61). 

3.2 Cabling 

The cabling necessary for the SELCH depends on the system's physical configuration. WBen the SELCH Bus does not 
extend outside the chassis, no cabling is required. When the SELCH Bus must be extended to another chassis, a number 
of cable configurations can be used. See Figure 2. Care should be taken to minimize bus lengths. 

See Figure 2 for a summary of cables. 
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CONN. CONN. 

"o" "l" 


15" CHASSIS 


7 
t 
1 
1 




^0001 








-i — 17-194 


15" CHASSIS 


7 

ii7- 




^C3=n O-070I 

183 \ I ( ^-^0601 
^0700 



(A) CONNECTS TWO ADJACENT 15" CHASSIS. THE PRIVATE SELCH BUS APPEARS 
AT BOTH CONNECTORS AND I OF THE LOWER CHASSIS. NOTE THE DATA 
CHANNEL DOES NOT APPEAR IN THE LOWER CHASSIS. 



15 CHASSIS 



15 CHASSIS 



15 CHASSIS 



10" CHASSIS 



17- 194 




(B) USED TO CONNECT TWO ADJACENT 15" CHASSIS. THE MULTIPLEXOR BUS 

APPEARS AT CONNECTOR O.AND THE SELCH BUS APPEARS AT CONNECTOR 
I, WHEN USING THIS CONFIGURATION, THE RACKO/TACKO JUMPER FROM 
122-0, SLOT 7„T0 222-1, SLOT 0, MUST BE REMOVED FROM THE LOWER CHASSIS. 



► (C) CONNECTS THE PRIVATE SELCH BUS TO A 10 CHASSIS ONE OR TWO CHASSIS AWAY. 



REMOVE 17-183 CABLE 



MOD 80/85 

CPU 

CHASSIS 



. / . 

O- -'--CD 



17-166 



(D) CONNECTS THI: PRIVATE SELCH BUS AND THE MULTIPLEXOR BUS TO A 
lO" CHASSIS, ONE OR TWO CHASSIS AWAY. 



17-166 



Figure 2. Cabling 



4. ADDRESS STRAPPING 



The preferred address of the NS Selector Channel is X'FO'. The controller is strapped for this address at the factory. 
To change the address, refer to Functional Schematic 02-232M01D08. The number and letter designations shown on 
the schematic refer to the designations on the apparatus side of the SELCH controller board. 

5. MODEL 80/85 STRAPPING 

For use with the Model 80 or 85 the following options must be exercised: 

1. Remove the jumper labled J located between IC 14 and 15. 

2. Change the jumper, above IC 53, from (L to X) to (L to 2). 

G. INSTALLATION CHECKS 

The NS SELCII is factory tested using a special high speed device. Therefore, field checks are contingent upon the 
user having appropriate hardware and software available with which to exercise the Selector Channel. When the SELC 
is used with Model 80 or 85, insure that the strap options on the SELCH have been made according to Section 5. 
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02-232M01R01A21 

M 70 -103 J"-!"'* 

NS SELECTOR CHANNEL 
MAINTENANCE SPECIFICATION 

1. INTRODUCTION 

The 02-232M01 NS Selector Channel (SELCH) (Product Number M70-103) is a Direct Memoif' Access port (DMA) which 
provides block data transfer between a device controller and memory. Once initiated, the tiansfer is independent of the 
Processor. The Processor sets up the device controller, loads the SELCH with the starting and final addresses of the 
memory block, specifies the type of operation (Read or Write), and issues a GO Command. The SELCH then handles 
the transfer without further direction by the Processor. 

The NS Selector Channel is complete on one printed circuit board and occupies one slot in aii^ystem chassis. The 
SELCH provides the drivers, receivers and termination resistors for the private SELCH Bii^. This bus originates at 
Connector One (1) of the SELCH slot and extends to each lower numbered slot in the system chassis on the Connector 
One (1) side only. The private SELCH Bus can be extended to other chassis, as required. Fbr installation information, 
refer to Installation Specification 02-232M01A20. 

2. SCOPE 

This specification describes the operation of the SELCH In its various modes; Setup, Memorj' Read, Memory Write, 
and Termination. Where necessary, this specification references the Multiplexor Channel Bis and Memory Bus oper- 
ations. These buses are described in detail in the User's Manual , Publication Number 29-3*;i. 

3. BLOCK DIAGRAM ANALYSIS 

Refer to the SELCH block diagram on Sheet 7 of Functional Schematic 02-232M01D08, and the SELCH Flow Chart, Fig- 
ure 1, during the following analysis. Before initiating a data transfer via the SELCH, the divice controller and the 
SELCH must be set up. The setup procedure is implemented by the Processor via the Multiplexor Bus (MPX-Bus). 
When the SELCH is in the Idle mode, the MPX-Bus is tied directly to the private SELCH Buf through the SELCH. This 
allows the Processor to communicate directly with any device on the private SEi^CIT Bus. 

To prepare the SELCH for data transfer, the Address Register (AR) and Auxiliary Address Register (AAR) must be 
loaded with the starting address in memory where the transfer is to begin, and the Final Address Register (FAR) must 
be loaded with the address of the last memory location to be accessed. These registers arefoaded from the eight least 
significant Data Lines D080:150 by four consecutive Data Availables (DAs) from the Processcr. The first tv/o Data 
Availables simultaneously load the AR and AAR, which are 16-bit incrementing registers. The AR is incremented, by 
two, after each halfword is transferred to/from memory, and the AAR is incremented, by ope, with each byte trans- 
ferred to/from the device. Data transfer is terminated when the AAR is equal to the FAR or when the AAR increments 
past its maximum value, X'FFFF'. 

Data transfer is begun by the Processor issuing a GO Command to the SELCH. Transfer to/from the device is now in- 
dependent of the Processor. The GO Command also prevents communication between the Pri)cessor and any device on 
the private SELCH Bus until the transfer is terminated and the SELCH is addressed. 

Data transfer is controlled in the Move Data circuit by inspection of the four least significaii bits of the Status Byte pre- 
sented by the active device on the private SELCH Bus. When any one of the three least signfi'icant bits are set, (EX, 
EOM, or DU), the transfer is terminated. Bit-12 (Busy) regulates the rate of data transfer. In the Memory Head mode, 
the actual data transfer begins with a memory request, REQO active, as soon as a GO Comniand is issued. When the 
memory request is serviced by the Processor, the SELCH Memory Bus Control circuit actitates Select (SEL), which 
gates the contents of the Address Register (AR) onto the Memory Address Bus, and gates a ialfword of data from memory 
into the Data Register (DR). At the termination of the memory transfer, the data is loaded from the DR to the Data Buf- 
fer (DB) and the AR is incremented. 

NOTE 

Unless the SELCH has dropped REQO in time to 
remain selected during the next memory cycle, the 
SELCH is deselected by the rising edge of Inhibit 
(INHO) after the halfword has been transferred. 
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START 



SET UP DEVICE CONTFJOL 

LOAD AR, AAR AND FAR 

OPERATION COMMAND 

GO COMMAND 



REQUEST MEMORY 



YES 




INPUT STATUS BYTE 
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YES 



END OF 
MEMORY TRANSFER! 



INCREMENT AR 
BY 2 



REQUEST MEMORY 
LOAD DATA BUFFER 
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YES 
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END OF 
DATA TRANSFER 
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AAR = FAR 
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YES 



REQUEST MEMORY 
LOAD DATA BUFFER 
SET BUFFER ACTIVE 



END OF 
MEMORY TRANSFER 




INCREMENT AR 
BY 2 



CLEAR BUSY 
SET ATTENTION 



RESET 
BUFFER ACTIVE 



END 



Figure 1. Flow Chart 
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Once the DB is loaded, data transfer to the device over Private Data Lines PD000:150 isHnitiated and, when applicable, 
a request is made to fetch the next halfword from memory. This cycle continues until either a match is detected be- 
tween the contents of the Auxiliary Address Register and contents of the Final Address Register, or until the transfer 
is aborted due to an error condition. 

In the Memory Write mode, the data transfer sequence described previously for Memory Read mode is reversed. That 
is, two bytes of data are loaded into the DR from the device prior to a memory request aad the data flow is from the de- 
vice to the DR, DR to the DB, and finally into memory. 

The Branch Gate circuit and the Move Data circuit control the flow of data between memory and the device. The Branch 
Gate supervises the overall data flow, while the Move Data circuit performs the handshaking between the SELCH and the 
active device on the private SELCH Bus. 

Upon termination of the data transfer, the program is notified via an interrupt and by the inactive state of the SELCH 
Busy flip-flop which is presented to the program as Bit-12 of the SELCH Status Byte. 

Selector Channel Status and Command Byte Data is shown on Table 1. 

TABLE 1. SELECTOR CHANNEL STATUS AND COMMAND BYTl: DATA 



BIT 

NUMBER 





1 


2 


3 


4 


5 


6 


7 


STATUS 
BYTE 










BSY 








COMMAND 
BYTE 






READ 


GO 


STOP 









BSY 



READ 



GO 



STOP 



When this bit is set, a one shot generates the EBSl pulse to startiihe appropriate 
SELCH operation. When this bit is cleared an interrupt is generated. 

This command, Bit-2, sets the Memory Write (WT) flip-flop. The controller on the 
SELCH Bus is setup for a device Read operation. 

This command, Bit-3, clears the MSC flip-flop and sets the BSY flip-flop to initiate 
the Data Transfer mode. 

This command, Bit-4, from the Processor clears the BSY flip-flop and initializes the 
Load/Unload Sequencer. During the Data Transfer mode, execution of the command is 
delayed until the end of a memory cycle, if one is in progress. 



4. FUNCTIONAL DIAGRAM ANALYSIS 



4. 1 Introduction 



This section relates to Functional Schematic 02-232M01D08, Sheets 1 through 6. Note lliat in INTERDATA functional 
schematics, the last character in the mnemonic symbol designates the logic level when the signal is active. For exam- 
ple; D080 is Data Line Number 8 (D08). The last character (0) inidicates that when D08l» is active, the line is at a log- 
ical Zero level. 

4.2 SELCH Control Circuit 

In the Idle mode, the SELCH Address (2M8), Busy (3F3), and Multiplexor-SELCH (MSC| (3FA) flip-flops are reset and 
the private SELCH Bus is tied directly to the Multiplexor Bus. This allows the Process©r to communicate, via the 
Multiplexor Bus, with any device on the private SELCH Bus. 

To communicate with the SELCH, it must first be addressed. The SELCH Address pC'Tli)' preferred) is placed on Data 
Lines D080:150 (1A3-8) and the Address control line is activated (ADRS0)(4B8). The SE|.CH Address is decoded by the 
four input NAND gate (1F4) and the Address flip-flop is set (2M8). The set output from the Address flip-flop (AD1)(2J7), 
when active, prevents the control signals on the MPX-Bus from passing onto the private? SELCH Bus by holding the Con- 
trol Line Gate inactive (CLGl) (1B2). Capacitors C33 and C34 (4D8) delay the propagati|m of the Private Address con- 
trol line (PADRSO) (4F9) to the SELCH Bus, so that when the SELCH is being addressed! PADRSO does not become ac- 
tive. This delay allows the SELCH to be addressed without resetting the Address flip-flCp of the active device on the 
private SELCH Bus. 
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The simultaneous loading of the Address Register (AR) and Auxiliarjr Address Register (AAR), and the loading of the 
Final Address Register (FAR) is accomplished by four consecutive Data Availables (DAs) from the Processor, The 
Load/Unload Sequencer (2L2) controls the loading of these registers (AR, AAR, and FAR) and the unloading of the AAR. 
The sequencer is set to its initial state by the termination of the last data transfer, a Stop Command, or a System Clear 
(SCLR0)(4MS) so that the first DA, through Data Available Gate (DAG0)(2L4), will activate Load Address Register High 
(LARH0)(2S2). 

LARHO gates Data Lines DA081:1 51 (1D3-8) into the eight most significant bits of the AR and AAR. The rising edge of 
the first and each successive Data Available Gate (DAG0)(2L4) Increments the sequencer and allows the next DA to acti- 
vate the next load line. The second DA loads the eight least significant bits of these registers. The third and fourth 
DAs will then load the Final Address Register in the same order. The contents of the AAR may be Inspected, via the 
program, by issuing two Data Requests (DR) to the SELCH whenever the Load/Unload Sequencer is in its initial state, 
(e.g. , Upon termination of a SELCH transfer, sequencer initialized, the FAR may be inspected to determine if the en- 
tire block of data had been transferred. ) 

If a Memory Write operation is desired, an Output Command with Bit-10 set must be issued to set the Write flip-flop 
(3F5). Since the Write flip-flop is reset by the Data Available/Request Gate (DARG1)(2L5) whenever a DA or DR is 
sent to the SELCH (setup procedure), no command is necessary to initiate a Memory Read operation. 

Data transfer commences with a GO Command from the Processor, which is an Output Command with Bit-11 set. The 
GO Command sets both the Busy (3F3) and MSC (3F4) flip-flops. The setting of the Busy flip-flop causes an End of 
Busy Set pulse (EBSl) (3H4) to be generated. This pulse is generated from the falling edge of BSYO (3F3), and is used 
by the Branch Gate circuit to initiate the transfer cycle. The Busy latch circuit remains set until the Selector Channel 
detects the termination of transfer and its state is presented to the program via Bit- 12 of the Sense Status Bjd;e. 

The MSC flip-flop is reset by SCLROA or by addressing the SELCH, Set Gate active (SGAD1)(2L9), when the Busy flip- 
flop is reset. The resetting of the MSC flip-flop, MSCO active, clesirs any pending interrupt in the Selector Channel. 

Information is steered from the SELCH to both the Data Lines D080:150 (1B4-9) and the Private Data Lines PD080:150 
(1S4-9) by the proper gating of four each, four-to-one line multiplexors (Sheet 1). For example; with the SELCH idle. 
Busy reset, all Data Lines are tied directly to the Private Data Lines in both directions. 

4. 3 Memory Bus Control Circuit 

Memory Bus Control timing relationships are shown in Figure 2. A SELCH request for memory is started by activating 
Set Request (SREQ0)(3S4). SREQO is activated by the Branch Gate circuit (3M8) when either the SELCH has received a 
halfword of data from the device or, in the Memory Read mode, whenever the Memory Data Register is available to ac- 
cept the next halfword. 

SREQO is applied to the direct set input of the Request flip-flop (REQ)(4L5) which sets the flip-flop and sends REQO to 
the Processor. When REQO is received, the Processor generates Enable (ENO). ENO, on the first DMA device, is 
jumpered to Accept (ACTO) which generates the daisy chain priority loop through all DMAs in the system. The daisy 
chain begins at the highest priority DMA as ENO, and propagates to the lower priority DMAs as Transmit Accept (TACO) 
until it is captured by the first DMA requesting a memory cycle. WTien the REQ flip-flop is set and ACTO (ENO) is 
active, the ACTO/TACO contention circuit (4H2) blocks the propagation of TACO, and provide highs on the J input to the 
SEL flip-flop and the K input to the REQ flip-flop. Thus, on the rising edge of ENO, the Select flip-flop becomes set 
and the Request flip-flop is reset. When the SELCH REQ flip-flop is reset and ACTO (ENO) is active, the ACTO signal 
is propagated as TACO to the DMA with a lower priority. 

The trailing edge of Inhibit (INHO) (4H5), from the Processor, indicates the end of the memory cycle. This edge, unless 
the SELCH has dropped REQO in time to remain selected during the next cycle, causes the SEL flip-flop to reset. Two 
pulses, End of Memory Transfer (EMXO) (4M7) and Inhibit (INHOP) (4M2), are generated by the leading and trailing 
edges of INHO respectively. EMXO is used by the Branch Gate circuit to indicate the end of the memory transfer. The 
Address Register is toggled by the AND function of SEU and INHl. 

In the Memory Read mode, the Memory Data Register (MDR) is cleared by Clear Data Register (CDRO) (4R2) which is 
generated by the traiUng edge of REQl. Write Not.(WTOA) (3F5) is ANDed with SELl to form Enable Memory Data Read 
(ENMDRl) (4R6), which gates the contents of the MDR onto the Memory Data Lines MD000:150 (Sheet 6) for the restore 
portion of the memory cycle. (This function is disabled when using solid state memory. ) The contents of the memory 
location accessed is gated to the direct set inputs of the MDR by Enable Memory Strobe (ENMSl) (4R4). This function 
is WT* SEL -CDRO for use with core memory and WT»SEL»INH when using solid state memory (4R4). 

When writing to memory, the contents of the Data Buffer is gated onto Memory Data Lines MD000:150 (Sheet 6) by En- 
able Memory Data Write (ENMDW1)(4R3), when selected. A Memory Write operation is indicated to the Processor by 
activating WRTOA (4S3). 
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Figure 2. Memory Bus Control Timing Diagram 



4.4 Address Register and Auxiliary Address Register. 

The Address Register (AR) and Auxiliary Address Register (AAR) (Sheet 5) each consist of four, four-bit counters. 
These registers are loaded simultaneously by the Processor from Data Lines D080:150 (1A3^8), uiKler control of the 
Load/Unload Sequencer (as discussed in Section 4.2), with the starting address from which the block transfer is to be- 
gin. The contents of the AR (Sheet 5) is gated onto Memory Address Lines MA000:140 (5R1-H) whenever the SELCH is 
selected, SEL flip-flop set. The AR is incremented with each memory transfer by Select* Irfjiibit (SINHO) (4K8). The 
AAR (Sheet 5) keeps track of the transfer between the SELCH and the device. This register s incremented, by one, for 
each byte of data transferred by Toggle Auxiliary Address Register (TAARO) (3M1). When tiie transfer is in the Half- 
word mode, TAARO is generated twice for each transfer. The outputs of the AAR are used by the Match circuit to deter- 
mine the end of the data block. Its contents may be examined, via the program, by issuing tvo consecutive DRs to the 
SELCH when the sequencer is initialized. In addition, AAR151 is used in the Byte Transfer mode to determine whether 
the byte being transferred is odd or even, for byte steering. Carry Out from the most signSicant stage of the AAR (COO) 
(541) terminates the transfer, clear Busy, when a transfer is attempted past the maximum memory address. This fea- 
ture prevents 'wrap-around' in memory. 

4. 5 Final Address Register 

The Final Address Register (FAR) is implemented by four quad latches (Sheet 5). This register, like AR and AAR, is 
loaded by the Processor under control of the Load/Unload Sequencer. The outputs of this register are used exclusively 
by the Match circuit to determine when the final address of the transfer is reached. 
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4. 6 Memory Data Register and Data Buffer 

The Memory Data Register (MDR) (Sheet 6) is a 16-bit register composed of 16 edge triggered JK flip-flops. In the 
Memory Read mode, the MDR is first cleared by Clear Data Register (CDRO) (4R2) and then direct set by each active 
bit on Memory Strobed Data Lines MS000:150 (Sheet 6). During a Memory Write, the data, in double rail format, pre- 
sent at the J and K inputs to the MDR, is toggled into the flip-flops on the trailing edge of either Load Data Register 
High (LDRH0)(649) or Load Data Register Low (LDRL0)(6J9). 

As soon as the MDR is loaded, if the Data Buffer (DB) is empty ( as determined by the inactive state of the Buffer Ac- 
tive flip-flop) (3H1), the MDR contents are loaded into the DB (Sheet 6) by Load Data Buffer (LDB1)(357). Information 
present in the DB is, in turn, either written into memory via Memory Data Lines MD000:150 or sent to the device on 
Private Data Lines PD000:150. 

4. 7 Data Transfer Circuit 

Refer to Figure 3 for Memory Read timing diagrams and Figure 4 for Memory Write timing diagrams. The Memory 
Read timing diagram shows the timing of a three byte transfer, in the Byte mode, of 2, 000, 000 bytes/second. Figure 
4 shows a transfer of two halfwords, in the Halfword mode, to a slower device. 



COMMAND GO 




Figure 3. Memory Read (B:,^e Mode) 
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Figure 4. Memory Write (Halfword I/O Mode) 

A GO Command to the Selector Channel sets the Busy flip-flop which generates the End of Bosy Set pulse (EBS1)(3K8). 

In the Memory Read mode, EBSl is decoded by the Branch Gate circuit and SREQO is genemted. Thus, a request for 
memory is initiated. When the halfword of data is present in the MDR, the End of Memory 1'ransfer pulse (EMX1)(4R6) 
becomes active and the Branch Gate circuit once again requests memory and generates Set Status Transfer (SSX0)(3S5) 
and Load Data Buffer (LDBl) (3S7). These signals initiate the transfer to the device and load the Data Buffer (DB) re- 
spectively. 

SSXO sets the Status Request flip-flop (3F6) which activates the Private Status Request control line (PSR0)(3G6) to the 
active device on the private SELCH Bus. This Status Request examines the four least significant bits of the Status Byte. 
If any of the three least significant bits (EX, EOM, or DU) are set, the transfer is terminalXid by resetting the Busy 
flip-flop (3F3). The assumption is made that each of these status bits remain reset for the j-emainder of this discussion. 
With Bit-12 (Busy) of-the Status Byte reset, the Data Transfer flip-flop becomes set (3F7). Data Transfer (DX0)(3E1) 
inhibits the generation of PSRO, which causes Private Sync (PSYN1)(4B4) from the device to: become inactive. This en- 
ables Engage to go high (ENG1)(3D8), which allows the Private Data Available control line (rDA0)(3H5) to become active. 
The Private Data Available/Request signal (PDAR1)(3H5), generated whenever a Private Data Available (PADO)or Private 
Data Request (PDRO) signal is active, will then clear the Status Request flip-flop. Upon recinpt of Sync from the device, 
PSYNl active, the Data Transfer flip-flop becomes reset and ENGl goes low, disabling PAEtO. When the Sync is re- 
moved by the device, an 80 nanosecond End of Data Transfer pulse is generated (EDXO) (3J|) which increments the Aux- 
iliary Address Register and is used by the Branch Gate circuit to generate a function in acctrdance with the truth table 
for EDX on Sheet 3. This cycle continues until termination of the transfer is detected. 
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In the Memory Write mode, WTl active (3F5), EBSl is used to generate SSXO, and the Branch Gate circuit directs the 
loading of a halfword of data into the DB before a memory request is made. The transfer of data from the device is the 
same as described in the Memory Read mode, except that ENGl is used to generate the Private Data Request control 
line (PDR0)(3H5) rather than PDAO. Data from the device is loaded into the MDR on the trailing edge of either Load 
Data Register High (LDRH0)(2R2) or Load Data Register Low (LDRL0)(2R2), depending on which eight bits are being 
loaded. In the Halfword Transfer mode, both LDRHO and LDRLO are generated simultaneously. With WTl active, the 
generation of EDXl is delayed by activating the clear input to the one-shot (3H8) when the Buffer Active flip-flop is set 
(BACT1)(3H1), if either the transfer to the device is on an odd boundary or when a Match is detected (MCH0)(5J2). This 
prevents the reloading of the Data Buffer (DB) before the last halfword has been written into memory. 

4. 8 RACKO/TACKO Contention Circuit 

The Selector Channel directs the propagation of the Acknowledge siipial to lower priority devices on the Multiplexor Chan- 
nel Bus as well as devices on the private SELCH Bus. If the Selector Channel Attention flip-flop (4B4)is set, the SELCH 
captures the Receive Acknowledge signal (RACKO) (4B3), place its device address on the Data Lines and return Sync to 
the Processor, Attention Sync (ATSYN0)(4F4) active. If the Attention flip-flop is reset, RACKO is propagated as either 
Private Transmit Acknowledge (PTACK0)(4F2) or Transmit Acknowledge (TACK0)(4F3). Since devices on the private 
SELCH Bus have a higher interrupt priority than devices below the SELCH on the MPX Bus; if the Private Attention 
Test line is active (PATNO) (4B1), PTACKO is generated rather than TACKO. Note that when MSCO is high (3F4), PATNC 
is disabled so that a device on the private SELCH Bus may not interrupt the Processor while the SELCH is active. 

5. MAINTENANCE, TROUBLE SHOOTING, AND TEST 

Before attempting any maintenance or testing, insure that the necessary back panel modifications and SELCH board 
option strapping have been made in accordance with the NS Selector Channel Installation Specification 02-232M01A20. 

To insure a 2,000,000 Byte/second transfer rate in the Byte Transfer Mode, it is necessary to limit the maximum delay 
between PDAO, PDRO, and PSRO and the return of Sync from the device (PSYNO), to 30 nanoseconds. In addition, the de- 
vice must be ready for the next byte of data. Busy Status Bit reset, whenever a Status Request is made. Field testing of 
this device is contingent upon the user having appropriate software and hardware available with which to exercise the 
Selector Channel. There are no adjustments associated with this device. Do not install Terminator Boards 35-433 
or 35-434 on the SELCH bus if a transfer rate of 2,000,000 Bytes/second is to be maintained in the Byte (8 Bit) Mode. 
The SELCH Bus should be contained on a sinp;lc 15 inch chassis if no terminators are used. 



6. MNEMONICS 

The following list provides a brief description of each mnemonic found in the SELCH. The source of each signal on 
Functional Schematic 0?-232M01D08 is also provided. 



MNEMONIC 
AAR001:151 

AC TO 

ADl 

ADRSO 

AG081:151 

ATNO 

ATSYN 

BACTl 

BSY 

CDRO 

CBSYO 

CL070 

CLGl 



MEANING 



SCHEMATIC LOCATION 



Outputs of the Auxiliary Address Register 5F1-5F9 

Accept - Request for memory accepted by Processor 4H1 

Address - Active when SELCH is addressed 2K7 

Address control line from MPX- Bus 4B8 

Address Gated Lines - Output of Address Strap 1E3 - 1E8 

Attention - Attention to Processor 4F1 
Attention Sync - Generated by an Acknowledge Attention from Processor 4F4 

Buffer Active - Indicates that valid data is prescsnt in the DB 3 HI 

Busy - Indicates a data transfer is in progress 3F3 

Clear Data Register - Clears MDR prior to loading from MS000:150 4R2 

Clear Busy - Terminates transfer when a match is detected 3M3 

Control Line 7 - Control Line from MPX-Bus 4B6 

Control Line Gate - Gates Private Control Lines 1C2 
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MNEMONIC 
CLUSO 

CMDO 

CMG 

COO 

D000:150 

DAO 

DLGO 

DB001:151 

DRO 

DRGO 

DX 

EBSl 

EDXl 

EMXl 

ENO 

ENGl 

ENMDRl 

ENMDWl 

ENMSl 

HWO 

INHO 

LARHO 

LARLO 

LDBl 

LDRHO 

LDRLO 

LFRHO 

LFRLO 

MA000:140 

MCHl 



MEANING 
Clear Load/Unload Sequencer - Clears Sequencer 

Command Control Line from MPX-Bus 

Command Gated by ADl 

Carry Out of the AAR - Prevents Memory 'Wrap-around' 

Data Lines from MPX-Bus 

Data Available Control Line from MPX-Bus 

Data Line Gate - Gates Data Lines and Private Data Lines 

Outputs of Data Buffer 

Data Request Control Line from MPX-Bus 

Data Request Gated by ADl 

Data Transfer flip-flop 

End of Busy Set - Signals the start of a SELCH transfer 

End of Data Transfer - Signals the end of a device transfer 

End of Memory Transfer - Signals the end of a memory transfer 

Enable from Memory Bus 

Engage - Gates either PDSO or PDRO 

Enable Memory Data Register Read - Gates contents of MDR to 
MD000:150 

Enable Memory Data Register Write - Gates contents of DB to 
MD000:150 

Enable Memory Strobe - Gates contents of MS000:150 to MDR 

Halfword Control Line from MPX-Bus 

Inhibit from Memory Bus 

Load Address Register High - Loads AAR and AR, Bits 00:07 

Load Address Register Low - Lards AAR and AR, Bits 08:15 

Load Data Buffer - Load contents of MDR to DB 

Load Data Register High - Loads MDR Bits 00:07 

Load Data Register Low - Loads MDR Bits 08:15 

Load Final Address Register High - Loads FAR Bits 00:07 

Load Final Address Register Low - Loads FAR Bits 08:15 

Memory Address Lines to Memory Bus 

Match - Indicates a match between AAR and FAR 



SCHEMATIC LOCATION 



3S2 




4B8 




2S7 




5A1 




1A3 - 


1A8 


2A1 - 


2A8 


4B7 




1R2 - 


1D3 


6G2 - 


6G9 


6R2 - 


6R9 


4B7 




2L5 




3F8 




3J4 




3J8 




4R7 




4H2 




3D8 




4R6 





4R3 

4R4 

1D2 

4H5 

2R2 

2R2 

3S2 

3F8 

3H9 

2 S3 

2S3 

5R1 - 5R8 

5J6 
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MNEMONIC 
MD000:150 

MS000:150 

MSCO 

PADRSO 

PATNO 

PCL070 

PCMDO 

PD000:150 

PDAO 

PHWO 

PSRO 

PSYNO 

PTACKO 

RACKO 

RBAO 

REQO 

SCLRO 

SGADl 

SRO 

SREQO 

SSXO 

SX 

SYNO 

TACO 

TACKO 

TAARO 

TARO 

UAAHO 

UAARLO 

WT 

WRTOA 

10 



MEANING _ 

Memory Data Lines to Memory Bus 

Memory Strobed Data Lines from Memory Bus 

Multiplexor SELCH Control flip-flop 
Private Address Control Line to SELCH Bus 
Private Attention from SELCH Bus 
Private Control Line 7 to SELCH Bus 
Private Command Control Line to SELCH Bus 
Private Data Lines - SELCH Bus 

Private Data Available Control Line to SELCH Bus 

Private Halfword Control Line from SEI^CH Bus 

Private Status Request Control Line to SELCH Bus 

Private Sync from SELCH Bus 

Private Transmit Acknowledge to SELCH Bus 

Receive Acknowledge from MPX-Bus 

Reset Buffer Active - Resets Buffer Active flip-flop 

Request - Request for memory cycle to Memory Bus 

System Clear - Initialize Signal 

Set Gate - Sets Address flip-flop 

Status Request Control line from MPX-Bus 

Set Request - Initiates a request for memory 

Set Status Transfer - Sets the Status Re<iuest flip-flop 

Status Transfer - Status Request flip-flop 

Sync to MPX-Bus 

Transmit Accept - To lower priority DMAs 

Transmit Acknowledge - To lower priority devices on MPX Bus 

Toggle Auxiliary Address Register - Increments AAR 

Toggle Address Register - Increments JVR 

Unload Auxiliary Address Register High - Unloads AAR Bits 00:07 

Unload Auxiliary Address Register Low - Unloads AAR Bits 08:15 

Write flip-flop 

Write to Memory Bus, when selected 
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3F6 
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M49-410 

TEST AID 

INFORMATION SPECIFICATION 



1. INTRODUCTION 

This Information Specification covers installation, operation, and naaintenance of the M49r410 Test Aid (02-276) and the 
associated logic in the Processor. Refer to 02-276D08 for schematics of the M49-410 Tes' Aid. 

2. GENERAL DESCRIPTION 

The Test Aid consists of a switch display panel and a 17-283 logic card which attaches to tte following boards: 

35-446 CPU-HI Model 74 Processor 

35-446F01 and 35-446F02 CPU-HI 7/16 Basic Processor 
35-524 CPU-B Model 7/16 HSALU Processor 
35-523F01 and 35-523F02 CPU-B Model 7/32 Processor 

The Test Aid provides the ability to examine the address of the micro-code and to stop Prt cesser clocks at option. 

3. INSTALLATION 

This section provides the information necessary to install the Test Aid on the Processor. : The 02-276R01 or higher 
revision level Test Aid may be used on the Model 74, 7/16 Basic, 7/16 HSALU, and 7/32 I'rocessors. The 02-276R00 
Test Aid may be used on the Model 74 and the Model 7/16 Basic. The installation procedure is: 

1. Remove the display from the chassis. 

2. Place Test Aid logic card over pins on CPU-HI board or CPU-B board (installed in Slot 6 of the Processor 
back panel, refer to Figure 1) and press down until Test Aid logic card rests on ipacers on the Processor 
board. The switch/display panel assembly may be placed on a table or mounted m the chassis as shown in 
Figure 2. 

3. On the 7/16 HSALU Processor, a jumper must be installed between TPl on the 3 3-544 CPU-B board and 
TPl on the 35-522 CPU-A board. 

4. On the 7/32 Processor, a jumper must be installed between TPl on the 35-523FC1 or F02 CPU-B board and 
TPl on the 35-522 CPU-A board. 
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Figure 1. Test Aid :[nstallation 
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Figure 2. Switch Panel Mounting 

4. POWER 

Power and ground are supplied by the Processor board. There are no other power requirements. 

5. OPERATION 

Refer to Figure 3 during the operating description. The 12 Light -Emitting Diodes (LEDs) numbered 4:15 display the con 
tents of the ROM Address Register. The numbers assigned to the LEDs correspond to the ROM Address Register bits. 
The 12 toggle switches labelled 4:15 provide the ability to set-up a match address. The Test Aid logic stops the Process 
clocks when the selected "match address" is in the ROM Address Register and the Address Match switch is in the ON (up 
position. 



6. ADDRESS MATCH SWITCH 

After selecting an address on the Address switches, place the Address Match switch in the ON (up) position. When the 
ROM Address Register of the Processor contains the "match address", the Processor clocks are stopped on the next 
clock. The Address Match switch feature can also be used to interrupt and continue micro-code loops. Follow the pro- 
cedure for address matching. Select an address within a micro- code loop. Once the match has been found, depressing 
the Clock Advance (ADV) switch once allows the micro-code to go through the loop and match on the selected address 
again. 
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Figure 3. Switch Panel 



NOTE 

The LED display in most cases is one increment ahead of the 
match address. The micro-code instruction at the address 
selected has been executed or is one clock into execution wBen 
the match occurs and the Processor clocks stop. 

7. CLOCK ADVANCE SWITCH 

The Clock Advance switch allows the Processor to generate one clock each time it is depressed when the Address Match 
or Single switch is in the ON (up) position. 

8. SINGLE SWITCH 

When the Single switch is in the ON (up) position, the Processor clocks are stopped. With this switch ON, the micro- 
program may be executed one micro-instruction at a time by depressing the Clock Advanci switch. 

9. ADDRESS SYNC 

Address Sync is a BNC connector whose output is a low going signal that becomes active vihen the Address switches and 
the contents of the ROM Address Register compare. The contents of the ROM ^soecified % the ROM Address Register) 
will not be loaded into the ROM Data Register until the next CIock which loads the ROM Dal a Register. 

10. OPTION 

Pins 'A' and 'B' are normally wired together. Pin 'A' is the output of a comparator that ccmpares the ROM Address Reg- 
ister and the Address switches. When they compare, the signal on Pin A goes high (+5 VDC) causing Processor clocks 
to stop. Removing the wire between Pins 'A' and 'B' provides a means to bring in any higl| active signal on Pin 'B' to 
stop Processor clocks. To match on any high active signal, the Address Match switch mu»>t still be placed in the ON 
(up) position when a match is desired. Removing the wire between 'A' and 'B' will remove the capability to stop Pro- 
cessor clocks on address match. See Figure 4. 
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Figure 4. Option Connections 



11. TEST AID MAINTENANCE 



11.1 Timing 



This section defines timing sequences (Figure 5) in the logic of the Test Aid and associated logic in the Processor. Re- 
fer to the Processor Functional Schematic, Clock Control sheet, for logic detail of the clock stop. 



TIMING CHART FOR ADDRESS MATCH 




I ADR SEARCHJ ADRFOUND | STOP PROC. CLOCKS | START CLKS | 



TIMING CHART FOR S INGLE STEPPING 
BCLKO 

SINGLE SW 

FTITO 

MSTOPO ^ 

ADVCO 

FSADVI 

FADVO 




* MSTOPO IS A CLOCK STOPPING SIGNAL INTERNAL TO THE MODEL PROCESSOR. 

WHEN ACTIVE ALL PROCESSOR CLOCKS EXCEPT CLKI, BCLKI AND BCLKO ARE STOPPED. 

Figure 5. Test Aid Timing 
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11.2 Mnemonic Definitions 

ADRMCHl - This signal is active when the contents of the ROM Address Register and thd Address switches are equal. 

ADVCO - Flip-flop output which goes active when the ADV switch is depressed, inactiie when the ADV switch is 

released. 

BCLKO - Derived from the Processor. This is a clock that cannot be stopped by any clock stop in the Processor. 
BCLKO width is typically 60 nanoseconds and the period is typically 250 nandseconds. 

FADVO - When active, allows FTITO to be inactive for one clock period. If ADVCO afcd BCLKO are active at the 

same time, the FADVO flip-flop sets. 

FTITO - This flip-^lop is reset by Single switch ON, Address Match switch ON, and a match address. 

MCH04-150- When active, indicates that a particular address switch has been selected. 

RAR04-150 - ROM Address Register outputs which indicates the address of the micro-instruction to be executed on the next 
clock. 



12. USE OF MODEL 70 EXTENDER BOARD (11-103) ON THE PROCESSOR 

12.1 Hazards 

All Model 70 extender boards, below revision level 11-10 3R02, when used to extend Processor boards, present two 
hazards. 

1. All stiffening metal on the extender board when being plugged in becomes +3VDC. This hazard exists with 
either Processor board on the extender. 

2. When the Test Aid is installed and the CPU-LO or CPU-A is on the extendei board,. a stiffening bar 
located on the xmderside of the extender board rests on top of the Test Aid logic card and forces it 
down possibly causing a short. 

12.2 Modification 

The following information describes how to modify the 11-103R01 extender board: 

1. Pins 200-0, 200-1, 241-0 and 241-1 are tied into the ground bus of the extender board. These pins in the. 
Processor are +5VDC. Both ends of the extender board tie these pins to thi extender board ground but 
via feedthrough holes causing the ground bus to become +5VDC. Cut the co|sper between these feed- 
through holes and the extender board ground bus. Add a strap from the copljer run of Pins 101-0, 
101-1, 140-0 and 140-1 to the adjacent ground shield to restore the continuiy of back panel ground to 
extender board ground. 

2. Remove stiffening bar on underside of extender board. Three new clearance* holes must be drilled so that 
the stiffening bar mounts horizontally rather than vertically. The original g crews may bottom out; if so, 
use #4-40 X 5/8 screws. Refer to Figure 6. 

After this change is made, care should still be taken to insure that the Test Aid logic card is not shorting 
to the stiffening bar. 
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M71.102 

HEXADECIMAL DISPLAY 

INFORMATION SPECIFICATION 



1. INTRODUCTION 

The optional Hexadecimal Display Panel provides a means to manually control the Processoi , interrogate and display 
various Processor registers and machine status, set and display Processor memory locatioiis, and may be programm.ed 
as an I/O device by the user. 

This specification describes the 09-065F02 Hexadecimal Display Panel (Product Number M7;.i-102). It is also applicable 
to the 09-065F01 Binary Display Panel (Product Number M71-101), which is identical to the Hexadecimal Display Panel 
except for the omission of the hexadecimal indicators. The Hexadecimal Display Panel provides the following functions: 

Displays five bytes of programmable digital information. 

Registers and displays five hexadecimal digits of manually entered keyboard data. 

Displays the WAIT and Power (PWR) indicators for the Processor. 

Provides a 26 key control keyboard tor manual input to the display. 

Provides two bytes of unbuffered Switch Register data to the Processor. 

Provides one byte of status to the Processor. 

Provides a three position OFF-ON-LOCK key type switch capable of switching three separate power supply con- 
trol lines. 

Provides a control signal to the Processor that the display requires micro-program support. 



2. GENERAL DESCRIPTION 

A complete description of the operation of the Hexadecimal Display Panel is provided in the appropriate User's Manual. 
This specification describes the display from a maintenance view point. Figure 1 shows the Hexadecimal Display Panel. 
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Figure 1. Hexadecimal Display Panel 

Various parts of the Hexadecimal Display Panel in Figure 1 are numbered to correlate to the following descriptions. 

1. Control Keyboard. The keyboard is the operators manual input to the Processor. The function of the specific 
keys are: 

DTA The function of the Data (DTA) key is to clear the Switch Register, connect the Switch Register to 

the display indicators, and enable hexadecimal data to be entered into the register. The Switch Re- 
gister remains enabled and connected to the display indicators until any non-hexadecimal key other 
than DTA is depressed. 

Hexadecimal Keys 0, 1, 2, 3, 4, 5, 6, 7, 8, 9„ A, B, C, D, E, and F supply data to the Switch Re- 
gister when it is enabled, and the function number or register number for the Processor supported 
display (see Section 2. 2). 

ADD The Address (ADD) key causes the Processor to read the five hexadecimal characters of the Switch 
Register, store them in the address portion of the Program Status Word (PSW), and display PSW 
32:63 on the indicators. 

RD The Fead (RD) key causes tiie Processor to read the memory location specified by the PSW, incre- 

ment the PSW address by two, and display on the indicators the new address and the data read 
from memory. 

WRT Depressing the Write (WRT) key causes the data contained in the Switch Register to be written into 
the address specified by the PSW, the PSW to be incremented by two, and the new address and the 
data written to be displayed on the indicators. 

FLT Depressing the Floating-Point Register (FLT) key, followed by any hexadecimal key n, causes 
Floating-Point Register n to be displayed on the indicators. 

REG Dep:fessing the Register (REG) key, followed by any hexadecimal key n, causes general register n to 
be displayed. 

FN Depressing the Function (FN) key, followed by any hexadecimal key n, causes the Processor to per- 

form "Function n" as described in the appropriate User's Manual. 

SGL Depressing the Single Step (SGL) key causes the Processor to execute one user instruction and dis- 

play the last register or function selected. 

RUN Depressing the Run (RUN) key causes the Processor to enter the Run mode at the address specified 
by the PSW. 

INI Depressing the Initialize (INI) key initializes the Processor. 

NOTE 

The display requires support from the micro-program for all 
functions other than entering or displaying Switch Register data. 
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2- OFF-ON- LOCK Key Operated Locking Switch. This switch controls the power to the Processor and allows 
the keyboard to be completely disabled in the LOCK position. 

3« Indicator Formats. These formats aid the user in interpreting the display indicators. 

4. Format Selectors L0;4 . Light Emitting Diode (LED) indicators L0:4 determine thl; format to be used to inter- 
pret display indicators L5:40. 

5- Display Indicators L5;40. These LED indicators are used to display the PSW, general registers, etc. , as 
described by the indicator formats. 

6- Display Indicators II; 9 . These indicators display the corresponding values displalj/ed on L5:40 in the hexa- 
decimal format. 

7. WAIT and PWR. These indicators are illuminated when Processor is in the Wait ttate and Power is supplied 
to the Processor. 

2. 1 Switch Register Entries 

When the operator is manipulating the Switch Register, there is no interaction between the display and the Processor. 
Data is entered into this register by first depressing the DTA key. This operation clears tlie Switch Register; connects 
the Switch Register to L5:24 of the display, and allows subsequent hexadecimal keyboard entries to be left shifted into 
the least significant digit of the resigter. The register is disconnected from the display and disabled when any non- 
hexadecimal key other than DTA is depressed. The register can be momentarily examined when it is disabled without 
affecting the Processor operation by depressing any hexadecimal key. 

2. 2 Processor Intervention 

Depressing the following single keys causes the signals ESNCO and ESNOO to be complimenliirily pulsed (ESNCO is a 
positive going pulse) : 

ADD 
RD 
WRT 
SQL 

RUN 

Depressing one of the following sequences of two keys causes a similar action: 

FLT n (n is any hexadecimal digit) 
REG n 

FN n 

3. FUNCTIONAL DIAGRAM ANALYSIS AND CIRCUIT DESCRIPTION 

Refer to Figure 2. Hexadecimal Display Panel Block Diagram and Functional Schematic 09-:065D08. 

3. 1 OFF-ON-LOCK Switch 

This switch (2K1) controls power to the Processor by completing the circuit between CONT2 and CONTl in the ON and 
LOCK positions. The switch is factory wired to provide one set of closures, but two additidial sets are available for 
switching power supplies connected to different phased AC power. This switch also providei; a hard ground to the Pro- 
cessor as POFFO in the OFF position which may be used as an early power down indication,' When the switch is in the 
ON position, LPS (2L1) is provided to the keyboard to enable the sensing of these switch clotures. 

3.2 Keyboard 

The keyboard (Sheet 2) has a 5 x 5 switch array which is used to enter information to the Hekadecimal Display Panel logic, 
plus an Initialize (INI) key used to transmit this condition to the Processor (2G1). The keyboard is a self-contained unit 
and connects to the 35-520 logic board by 27 stakes 00-1 through 26-1. These normally operi switches are encoded by 
diode logic (Sheet 2) to, form HEX01:31 (2B8) and FUN00:30 (2C8), plus a few additional contlol signals mentioned later 
in this description. The switches are designed to be high active when a switch is depressediby biasing all receiving 
gates low with a 220 ohm input resistor. A switch being depressed causes an input gate to ^) high by supplying LPS 
through a current limiting resistor from the common input. Pin 0, if the OFF-ON-LOCK s\\ltch is in the ON position. 
There is no keyboard rollover protection and if more than one key is simultaneously depressed, the result is unspecified. 
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Figure 2. Hexadecimal Display Panel Block Diagram 

3. 3 Matrix Encoding 
The diode matrix is encoded to drive signals HEX01:31 to the hexadecimal equivalent of the respective key 0:F (HEX31 is 
the LSB) when it is depressed. Depressing any function key other than DTA causes FUN00:30 to yield the codes specified 
by Table 1. 

TABLE 1. FUNCTION KEY ENCODING (FUN00:30) 



Key Depressed 


FUNOO 


FUNIO 


FUN20 


FUN30 


SQL 





1 


1 




RUN 


1 


1 


1 




WRT 


1 


1 







RD 


1 





1 




ADD 


1 










REG 





1 


1 





FLT 





1 








FN 





1 


1 


1 



3.4 Clocking 

Depressing any keyboard key other than DTA or INI generates one of three types of clocks used by the Hexadecimal Dis- 
play Panel logic. This is accomplished by a positive transition of signal KEYl (2F8) whenever one of these keys is de- 
pressed. The one shot triggered by this transition (2G8) is used to allow a one to two millisecond interval for switch 
bounce to subside before triggering the second one shot STRBl (2K8) which is used to generate one of the three clocks. 
Since contact bounce is likely to retrigger these one shots when a key is released, the occurrence of signal KEYl (any 
key depressed), HKEYl (2F9 a hexadecimal key depressed), or FKEYl (2H7 a function key depressed) being true in coin- 
cedence with the one shot is used to derive the clocks. 



This information is proprietary and is supplied by INTERDATA for the sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specificahy authorized in writing. 



3. 5 Switch Register Clocks 

The Switch Register Is enabled for clocking by depressing the DTA key. This is accomplished by direct clearing the 
Switch Register Enable flip-flop (SRENB) (2L6) when DTA is depressed and ANDing the zero output of the flip-flop plus 
HKEYl and STRBl to drive the Switch Register Clock (SRCLKO) (2M7). This clock is disabled by setting SRENB with 
the occurrence of FKEYl when any function key is depressed. 

3. 6 Status Register Clocks 

Two different clocks are used to load the status register. FTYPCLO (2M8) is generated whenever any function key other 
than DTA is depressed and is used to load FUN00:30 into one half of the status register. The second clock FHEXCLO 
(2N8) is generated whenever a hexadecimal key is depressed if the previously depressed key was FN, REG, or FLT. 
In this case, the hexadecimal input would be the register number or function number desired and FHEXCLO is used to 
clock HEX01:31 into the second half of the status register. 

3. 7 Processor Intervention 

The logic of the display signals the Processor that a response is necessary to a console function by signal ESNCO (2R7) 
and its compliment ESNOO (2R7). These signals are complimentarily pulsed whenever a funetion key other than DTA, 
FN, REG, or FLT is depressed, or whenever a hexadecimal key is depressed following FN, REG, or FLT (the occurr- 
ence of FHEXCLO). 

3.8 Switch Register Loading 

The Switch Register (4B1, 4D1, 4G1, 4J1, and 4M1) is loaded with a hexadecimal character v/ith the occurrence of each 
SRCLKO as mentioned previously. Data is entered into the least significant character (4B1) from the switches (HEXOl: 
31) and left shifted through the register with each clock. The register is cleared whenever the DTA key is depressed. 

3. 9 Status Register 

The status register is loaded in two parts as described previously. One half is loaded from FUN00:30 when a Function 
(FN) key is depressed by the occurrence of FTYPCLO. The least significant bit of this register is re-circulated on SGL 
or RUN and the second LSB is re-circulated on SSL to conform to the status codes indicated i i Table 2. The second 
half of the register is loaded from HEX01:31 with the occurrence of FHEXCLO. These registers are initialized by SCLRO 
from the Processor. 

TABLE 2. STATUS CODES 



KEY 


DLl 


DL2 


DL3 


DL4 


DL5 


DL6 


DL7 


D;[ 


SGL 


1 


U 


X 


X 


X 


X 


X 


X 


INITIALIZE 


U 


U 


u 


u 


u 


U 


o 


u 


RUN 











X 


X 


X 


X 


X 


WRT 








1 


u 


u 


u 


u 


u 


RD 





1 





u 


u 


u 


u 


u 


ADR 





1 


1 


u 


Al 


A2 


A3 


A, 


REG n 


1 








1 


^1 


^2 


^3 


n4 


FLT n 


1 





1 


1 


^1 


^^2 


^^3 


"4 


FNn 


1 











^1 


1^2 


^3 


n4 



A = Most significant hexadecimal digit of Switch Register 

U - Unspecified 

X = Unchanged 

n = Hexadecimal digit associated with function (see Section 6) 



The display status is presented to the Processor on the data lines (DL01:71) for the duration t»f time that control signal 
SRGO is at a logical zero level. The data presented for status is in accordance with Table 2. 
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3. 10 Display Register Loading 

The Hexadecimal Display Panel registers and displays five bytes of data transmitted from the Processor. Two control 
signals are transmitted from the Processor to direct the loading of these registers. LAO (2K5) is a low active pulse 
which signifies that data is available on bi-directional Data Lines D01:71 and it is to be loaded into the least significant 
byte of the display register. LAO Is used to initialize a four bit shift register (2M4) to IOOO2 which is used to load 
subsequent bytes, and generate a load pulse LAI which is used tc load the data into the LSB of the display register (2B6 
and 3E6). Four subsequent LBO pulses sent from the Processor gates data from D01:71 into successive bytes of the 
display register (3G6 and 3J6, 4C5 and 4E5, 4G5 and 4K5, 4N5 and 3N2). This is accomplished as each LBO pulse is 
inverted and gated as LDBl, LDCl, LDDl and LDEl (2N4) respectively as controlled by the sequencing shift register 
(2M4) which is right shifted with each LBO pulse. 

3. 11 Display Indicators 

The two least significant bytes of the display register are gated directly to LEDs L25:40 and the hexadecimal indicators 
16:9 (Sheet 3). LEDs L5:24 and hexadecimal indicators 11:5 are used to display either the most significant bytes of 
the display registers or the Switch Register. These sets of registers are selected through the 2:1 multiplexors (4C6, 
4E6, 4H6, 4K6 and 4N6) as determined by the state of the DISSWl (2N6). DISSWl is high whenever the Switch Register 
is enabled (SRENBl) or a hexadecimal key is depressed (HKEYl). 

3. 12 Processor Inputs 

Data is gated to the Processor in response to control signals SHIO, SLOO or SRGO. SLOO gates the two least significant 
digits of the Switch Register onto the bi-directional Data Lines D01:71 (4C3 and 4C4). SHIO gates the next two Switch 
Register digits onto the bi-directional Data Lines D01:71 (4H3 and 4K3). SRGO causes the status register bits to be 
gated (3D4) as per Table 2. Note that either the most significant Switch Register character is gated (4N3) if DLll is low 
or the hexadecimal portion of the status register if DLll is high (3H4). 

4. PROCESSOR INTERFACING 

4. 1 Processor Connector 
Signals from the display are terminated at a 26-080F06 type connector per the following list: 



SIGNAL 



PIN 



DOl 

Dll 

D21 

D31 

D41 

D51 

D61 

D71 

POFFO 

CONTl 

CONT2 

CONT3 

SCLRO 



109 

110 

111 

112 

202 

204 

205 

208 

105 

DBl-Cl 

DB1-C2 

213 

107 



SIGNAL 



PIN 



LAO 

LBO 

SHIO 

SLOO 

WAITl 

SRGO 

ESNCO 

ESNOO 

INITO 

SSGLl 

GND 

GND 

GND 

GND 



203 

114 

200 

206 

102 

113 

103 

104 

101 

106 

100-3 

108 

212 twisted with 114 

201 twisted with 203 



4. 2 Timing 



DATA VALID ON (D 01:71) 



DATA VALID 



Y///////M 





1 








1 


LAO OR LBO 


U— a -1. 






^- r, -mS 




1 








*- c -»1 

1 



SLOO OR SHIO OR SRGO 



*-d-H 



ESNOO 



SSGLl 



•— y-/^ 



I 



— h 



a. 50ns min. 

b. 100ns min. 

c. 50ns min. 

d. 50ns max. 

e. 0ns min. 

f. 500ns+10% 

g. 25ns 
h. 100ns 
j. 100ns 



Figure 3. Hexadecimal Display Panel Timing 
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5. INSTALLATION PROCEDURE 

The Hexadecimal Display Panel is connected to the Processor via a 17-305 cable. The 26-080F06 30-pin connector of 
the Hexadecimal Display Panel plugs into the mating connector as shown in Figure 4. 

CNTLl, CNTL2, P5, GND, LGND, +L jumpers go to corresponding lugs on the Processor chassis display terminal 
strip as shown in Figure 4. 

6. POWER 

The Hexadecimal Display Panel draws its power from the P5 and +L lugs on the Processor chassis display terminal 
strip. See Figure 4. 




Front View 



Figure 4. Typical Hexadecimal Display Installation 
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Figure 5. Model 7/16 HSALU or 7/32 Installation 
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Figure 5. Model 7/16 HSALU or 7/32 Installation (Continued) 
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7. MNEMONICS 



The following list provides a brief description of each mnemonic found in the Hexadecimal Display Panel. The source 
of each signal on Functional Schematic 09-065D08 is also provided. 



MNEMONIC 

CONTl 

CONT2 

DISSWl 

ESNCO 

ESNOO 

FTYPCLO 

FHEXCLO 

FUN00:30 

HEX01:31 

INITO 

LAO 

LBO 



LDBl 
LDCl 
LDDl 

LDEl 



POFFO 

SCLRO 

SDAO 

SHIO 

SLOO 

SORO 

SRAGl 

SRCLKO 

SRFGl 

SRGl 

SSLl 

WAITl 

10 



MEANING 

12 VAC to turn on power supply 

12 VAC to turn off power supply 

Controls Display Multiplexors for L5:24 

Execute switch normally open 

Execute switch normally closed 

Function type status register clock 

Hexadecimal type status register clock 

Encoded functional keys 

Encoded hexadecimal keys 

Initialize Processor 



Low active signal from Processor which initializes the loading 
sequence and loads the least significant byte of the Hexadecimal 
Display Panel 

Low active signal from Processor used to control loading of dis- 
play registers by generating LDBl, LDCl, LDDl, LDEl 



Load display registers 

Loads display mode register and most significant hexadecimal 
digit of the display 

Early power OFF failure 

System Clear, initialize status registers 

DTA key depressed 

Switch Register high half gate command 

Switch Register low half gate command 

SGL or RUN keys depressed 

Switch Register most significant hexadecimal digit gate command 

Switch Register clock 

Status Register Function high half gate command 

Status Register low half gate command 

SGL key depressed 

Wait light control 



SCHEMATIC LOCATION 
2L1 
2M1 
2R6 
2B7 
2R7 
2N7 
2N8 
Sheet 2 
Sheet 2 
2H2 
2K5 



2L5 



2R3 
2R4 
2R4 

2R4 



2K1 

3J1 

2J2 

2M2 

2L3 

2K2 

2R2 

2M7 

2R2 

2M2 

2J6 

2M6 



This information is proprietary and is supplied by INTtRDATA for tlie sole 
purpose of using and maintaining INTERDATA supplied equipment and shall 
not be used for any other purpose unless specifically authorized in writing. 



o 



' " ^' " * .^m." ■ "i 



^a: '^ 



1/ i j5 



J6>: 9 



LS : 24- 

T 



1 



— T" 









ro />jeoc£S5o^ 

■* 









0/£S^/ 






V V V 









^ <»/ 



Aty^Co:3) 



A/^£:k co^sj 



CLC3C/< 

&£A/£'e^r/OA^ 



rry/=>c^ 



£//£xc:a 






\J 



e£<s,/sy£'e 



Sjea^Ki 



Loa/C 



seAiS 



COA/A/' 3 1 


T£/eAf 


jeotv / 


eoiva 


oo 


<->^o 


:5//JO 


o/ 


/A/ /TO 


&A/D 


oz 


IV/9/T/ 


04-/ 


as 


es/^ca 


^/PO 


04 


SSA/OQ 


g£/ 


OS 


/=>a£Aa 


Oiia/ 


0& 


£S&^/ 


s^oa 


07 


sc-^Leo 




oa 


<-,^o 


^7/ 


09 


oa/ 




/o 


o// 




// 


£>2/ 




/£ 


03/ 


Ci,/VC> 


/3 


sjedo 


co^rs 


/4- 


cao 





ye£iy/sy oa^s 



RELEASED FOR PRODUCTION 

MFG. ENGtia^kJCi- DATE -^^ 




ReviSEis/sH 



e<?3 



/grlii<f//1^3^3 \' |f-3.-7;f Ibo7 



REVISED SHTSZg 3 

u)S| -f lafessi- ii2-id>-7s| eoz 



^£ij,/S7-<£^ 
///&// ///?/. /: 







KJ 



/:>o/: 7/ 



^//:>/^£C 7-/0^^/A>^ Z?^7^y9 ^.//\/£& 



jB^ a C/< £>//PCS^y9/\^ 



je£i/'/~s/o/y ^£i/£/. a£ r///s 

S//££7' /^ CO/V^/£>£^££> 

r/y£ ^£t^/syO^ ^£y£^ O/^ 
7^yy£ /::>o<:^/iif£A/r' 



£>//££ T 
//VO£X 



/eey 



s//r 



M yy^T-T'^/Q 



/•/■ '^t9^7'^A 



5. y^£^S/^^ 



/-ea-7^\ 



S/-28 



ENGR y-3J-74 



THIS INFOHMATION IS PnOPHIETARY AND IS SUP- 
PLIED flY INTEflOATA FOH THE SOLE PJRPOSE OF 
VAINTAINING AND USING INTERDATA SUPPLIED 
EQUIPMENT AND SHALL NOT BE USED FOB ANY 
rOSE UNLESS SPECIFICALLY INDICATE! 



'"•^"■^"P"" 



TITLE 
74\ /T'SJC^fi£<:/A^/^^ /?/S/e^:y^/' 



r 03O8/ 
'ro9-oi,s^<s>2. />oe 



SHEET OF 



o 



L 



v_y 



•^ >tVJ 






SHO 



SHI 



□ ■fc 



SH2 



SH3 






5D/V 



IW 



miT 



-o — ►o 



<?/ 



Dii 3r n DI9 






SH-4 



SHS 



0^ 



3H<o 



D'2 



5H7 



Dzy.y.Ds D'i-iiiiDih v.iiii 



Dh DtZ 



020 




3B3 



POFFO 



\H\TO 



3A3 



3B2 



CONT2 



5ir 



-WV — LRS" 



-K) 



III ees ^ 
- o W\(— pj 

^^^ OF/? 3 J FROOI 1^ 



^<? ON 



n 



SDAO 



^A2 



!t 3^ 2t 



SHS 

2ED23 






SHq 



SNA 



€ 



□ '3 






0Zskll09 D27![!1DI7 !L!M^ !MMMt 



D35IHID3I 



021 



024 



5HC 
Dl 



3HP Sf=^N 



T 03 1 28 05 1 D30P7g/4-I T 

r— ♦ I > f I f t I T > tp2a i—t 

iiDi D2foi i io/o i i iois i i i i — ^ "^ 



fi45 

->WV-| 

fi46 

fl44 

-WV-41 

R49 
<l ^>AA-4' 



D/5i !JD40 



5RD 




f 



hio 



SWR 



ueo 



SRN 






/A27 
n-ois" 



A27 
11-015 



iq-oi5 




R53 



/ILL £>/ODES 23-00/ 



5R<5< 



CO NT I 



3A3 



3A4 



SHIO 



3A4- 



SLOO 




5R FSI 



3<53 



-4M3 



-4B3 



RE VI SIOMS 



AREA Li; CONKECT>OKS 

cowMCcTet> TO i^^K^ 

qkV Reap. CROSS RCF 
ALU CONN 3 Pl^* ^OS. TO 
SHEET 3. AREA<98:£r7 
WAS -4.7-«F. cfS tvsAS /51«F 



'^<f\0\zse3\^\i-3t-7S- |eoj 

BETWEEN POlNTi 03^05 
AREA L&- L8, RfcV 02*04 
WEl^fa" TO A6I lO& \3' 



4N4,3fl5 



A^S 

11-015 



wy w/ vw vw 



"^S 


? ^> 


r' ^11 


r H 


V) 


Q 


o 


o 


_ 








m 


tvi 


— 





X 


ir. 


X 


I 


I 


hi 

1 


J. 



<54 



o^- 



0«? 



\q^^S1 — 

HA y 



LDBI 



LDC I 



LDDI 



LDE I 



OS- 



OA 



oz 




\'\-OA2 



ONE SHOT 



ONe SHOT 



//Aisy/ 



x-e/»/ 




3F5- 



-4Br 



.^lS 



. An4^3i.A 



fi42 




ISO 



■AAAr- 



LPS 



\50 



ESMCO 



-3A3 



ESNOO 



3A3 



_FHE><CLO_3j2 



R82 
IK 



01 -^ 



-Too 
->< 



1< 
00 'q 






P5 



7. LO r/^/?U Z-^2 >J/^^ 33-OZ7 



t" 



NAME 



p &'PVvA'^P3 



ITHtS INFORMATION IS PROPRIETARV AND IS SUP- 
PLIED BY INTERDATA FOB THE SOLE PURPOSE OF 
II«Mi,^iH,\i-\u MiliU UbilMy ll\ I chUAfA SUPPLIED 
EQLIIPMENT AND SHALL NOT BE USED FOR anV 
OTHER PURPOSE UNLESS SPECIFICALLY INDICATED 



T|TLEf"UNCT\ONA.L SCHEMA-rlC 

HEXAtieCIK^AL 
DISPLAY 



'03 08\ 



° a 09 - kSmzvoa 



SHEET OF 






r 



OPT SCRT»CROSSfSOeHK«GO 
ClJFYRTSI?T"rNTOnJATA~lNC^ MARCH, 1976 



PASE 



61600020 



* MARCH 12, 1976 

* 

"* 

* 
w 

* 

~*~PAGE 1 «HPY/DIVI 



6160003F 

6l6000(fO 

61600050 



PAGE MICROPROGRAM IS COMPRISED OF THE FOLLOWING ROM CHIPS 
19-166R00F02 : WORD BITS 0:7 
^STORD BITS 



19-186R00F05 
19-166R01F0«» 



8 J 15 
WORD BITS 16123 



JBRAH IS Zl 



0022 

0026 
0030 



-* 

* 

PNTR EQU 

Rpsa FUir 

ALOC EQU 
ILGPSW EQU 



19-166R00F05 
19-186R00F06 ' 
19-186R00F07 



WORD BITS 

WORD ^rrs^ 



o:7 

8U5 



WORD BITS 16:23 



LOCATION EQUATfS 



♦22» 

-T2trr 

•26» 
«30* 
♦38» 
t^0» 



0036 owMPSwrmr 

OOfO OIPSW EQU 

♦ 

* INSTRUCTION READ IS IN PROGRESS 

* LOC IS INCREMENTED BY 2 S JAMMED IN MAR 



000 
"OUT 



8*^8170 
"E0%«*00 



BT 



002 
"0015 



AfOCOA 



START 
START! 

* COMMON RS 

* ""■' '^ 

RS BF 

T^- "■ 



ATN+CATN+SN6L+MALF,HELP IF ANY INT»t GO TO HEl P 



HROS£r,TSTUT" 



"VEXTUr TRRU^ TJRCm r 
INITIATE MEMORY READ, 
IF RR OR SF, SUPRESS MEMORY READ 



AMOD, RSNX 
TWnrie^ MDR « D2 



OOi* 0C7071 



* 

Tr^T?5r TYPE 1/0 ITVISTRUCTlONS 

TTTOWE T^ERT THRU BROFtl 

AI ACK YD 

* COME HERE THRU DROHl FOR RD» 



GET INTE RRUPT ING DEV ADR IN Rl_ 
WD« RHt WH, SS S OC 



61600060 
61600070 
6160 0060 
61600090 
61600100 
61600120 

— sxeuimir 

616001(f0 
61600150 

FULLOWl NB~ROH CHIPS 61600160 
61600170 
61600160 

~ " 616Q019U 

61600200 

61600210 

^6r60ir2?0 
61600250 
616002H0 

~ ~ ^i6Tr«r25o 

61600260 
616002 70 
61600280 
61600290 
61600300 

^soiraiir 

61600320 
6160 0330 

61600350 
61600360 
"61600370 
61600380 
61600390 
61600ifOO 
6l600m0 
61600(^20 

"i&itoir^^o 

61600<f<fO 

61600«f50 

«600it613 

61600(f70 

61600480 

61600490" 

61600500 

616 0051 

~^ ei^oxrsBo 

61600530 
616 0054 
"61^00155Xr 
61600560 
61600570 
~616imTOr 
61600590 



IWROJ ST A*rX2r VECTOR THRU DR0H2 



tWrcrnJATA ITOOEt «/T6^WXCRO-pR06Rffrr trr-061K0lA13 



~Fmr 



0TJ5 


WSEOl 


lORX 

* 


ADR 


TD 






AfDCOa 
. 0«t6d«fO 
tJtfTA«FO 
407102 
247«**»0 


lit 

* COHW( 

« 

RX 

RXWX^ 

RSNX 

* COMt 


m RX 

BF 
A 






006 
007 


AMOD«RXNX 
nOR « Q « HDR 




OtTff 
009 
ODA 


LI 
L 


Qt2«f1R 
NK0fHORtD2 








HERE 


THRU DROHl FOR 


AL 


iroF 


A»F300A 


AIT 


■"B-^ 


m.T 









* COHE 


HERE 


THRU DROMl FOR 


LH & 


oxrc 

000 
OOE 


AfDCOE 
0446t»0 
047A40 


* 
* 
* 
XHSTH 

LHNX 


BF 

A 

L 


AflOUtLTTNT 
r^OR«Q«KDR 
HAR»«DR 


- - 


OOF 
010 
¥11 


00710f- 
Oi+ttfeO 

soTioa 




H 

S 

XT 


Q,15 

HR0»O«YDI 

Q«?^iU2 








♦ COME 


HERE 


THRU DROMl FOR 


BXHt 


012 
013 

015 


A**QCl«t 

0»fb840 

~(J*J3¥02^ 

a«f5«f23 

0CTOS2 
203002 


BX 

* 
* 


RF 
A 
T. 
A 

L 

L 


AMOD.BXNX 
HDR»Q»MDR 

MROtYDHltHRO 


- - 


ori6 

017 


TDPI«MR(J 
YDPltYD«D2 





AUDROJsr THE DrvrcE 



(MRO) = SECOND OPERAND 



STM 



(MAR) a ADDRESS OF 2N0 OPERATOR 



(MRO) = COMPLEMENT OF YD FIELD 



BXLE 



(HDR) = A + (X2) 

TRWirr = TRD = STRirr inoek 

(MRO) s INCREMENTED OR 

OCCREHENTEO INDEX 

BUMP YD FIELD 



01» O'^TBF'* 
019 602000 
OlA COcOOO 


RD2 


RU 

L 

L 




C 02 000 


* COME 

* 


HE 


OIB 
OIC 


WD 

* 


WU 
L 


L... .___--_-_-.- - 


" *-i!i5wr 


HE 



* INPUT / OUTPUT INSTRUCTIONS 

* 
"♦ 

* COME HERE THRU DR0H2 

* 

MORtCS 
Q«Q«HW 
Q«0«IR 



TTDRTCnS- 
Q«OiIR 



REAITT^^BYTE 

WRITE A BYTE/HW INTO MEMORY 



isRrn:nrffYTr 



61600620 
61600630 

"si:i¥06¥jr~ 

61600650 
61600660 
6X6ff06T0 
6160066G 
61600690 
£1600700 
61600710 
61600720 

— iimGTSV 
61600740 
fel6Q075C 

— 6I6¥i!t76D 
61600770 
61600760 
" 6r6mi79ff 
61600600 
61600610 

- SICTITffZO 
61600630 
61600640 

- 616^(3850 
61600660 
61600870 

61600890 
61600900 
61600910 
61600920 
61600950 
^ ^16XnJ¥4U 
61600950 
61600960 
61600970 
61600980 
61600990 
6160IM0 
61601010 
616010^0 
61661030 
61601040 
61601050 

61601070 
61601060 
' 6I60I1SW 
61601100 
61601110 



DRtmZ" 



616011^¥ 
61601130 
61601140 
6T60ir5r 
61601160 



TNTEROATR flODEtr^7l6 TriCRy-FKO«HAH Ob-UfclUffTRJ^ 



TJ^^Z 



OlD 

I — oir 

OIF 
020 
JiZl 
022 



023 



025 
026 



02T 
028 



029 
tI2A 



02B 
02C 

ffZtJ 



oae 

02F 



HSU 
031 



032 



f U3Jf 
035 

A'.'.~y(JlF!F-. 
038 



007100 

OOTOF'* 

nj«»B8«fO 
A«t3C19 



64EC25 
OOTOF** 



0H7H7«f 
CC&220 



BUZZES 
0't7EA'f 



0*»7E2«t 

C020trr 



0'*78F2 
0»f7CC0 
A«f 3C19 



0C7272 
CHfCOO 



C02000 



0**7E22 

xtnroua 



0«f5E01 
0^^P7A«^0 
A<VDC38 

»^f7A55 



RH 



RHH 



LI 

RD 
RD 
" A" 
8 



ir COMTHERE 

* 

RHR BT 

W3 

♦ 

* COME HERE 
"W 

RDR RD 

A 
"* 

* COHE MERE 
« 

WHR BT 

WO 
4> 

V COWETfERE 

4< 

WOR WD 

'x~ ' 

* 

♦ COME HERE 

■"* ' 

ss ss 

L 

""^ E " 

« 

♦ COME HERE 

-*■ ~ 

SSR 



Q«0 

TW7RHR 

0«CS 

MOR 

HURfQ» mUR" 

RD2 

THRU 0RUM2~ 



HWtRDR 



TTSH^fflT DEVICE f^OTTlfflf? 
(Q 0:7) s MS BYTE 

(HDR 8:i5) = LS BYTE 



FOR HW DEVICE* GO TO RDF 
Tff OTTT s- MS BYTE 



THRU DR0H2 FOR ROR 

MRO 
YS»Q»MRO«IR 

THRU DR0R2 FOR WH S, WHR 



H¥.m)R~ 
MRO«CS 

THRU ORD?f2 FOR^ WOR 

MRO 
^tQVIR 



THRU DR0M2 FOR SS & A£ 

MDRtCS 

FtR»MOR»CS 

R02 



TOR H¥ tJEVTCEV IjW TO WDf 



WRITE A 8YTE/HW TO DEVIl E 



SENSE STATUS INTO MDR 



SS 
L 

' * 

* COME HERE 

* 

L 



THRU DR0M2 FOR SSR & AIR 

YS SENSE STATUS INTO R2 

FLR«YS»IR 



THRU UR0M2 

~BUR«CS 
Q«Q*IR 



"OUTPUTirOHHANir TROW WDR 



* COME HERE THRU DR0B2 TOR OCR 

if 

OCR OC MRO 

— " ' t "QH3VIR" " 

* 
» 

* CORE HERE THRU DRUmr FOR RB X »ff 

REHB^ AUR 
L 
8F 



(MRO 7:i5) = COMMAND 



A" 



'TU 

MAR t MOR 
AMODvRBWBNX 
"HARIQ.MDR 



(MAR) = A 
rRART~= A T TX2r 



RBWBNX INC MAR«MAR«MR 



61601170 

61601190 
61601200 
"^ISOHXO" 
61601220 
61601230 

ereunsiio 

61601250 

61601260 

SKTJXZTO 

61601280 

61601290 

"6K(5T3(nr 

61601310 

61601320 

616inT30 

616013<fO 

61601350 

6X60115611 

61601370 

61601380 

6160I391J 

6l601<fOO 

61601<V10 

~616QI^f2II 

61601430 

61601<f<fO 

51^01 H50 

61601f60 

61601470 

6160X460 

6160149Q 

61601500 

^601110 

61601520 

61601530 

61601540 

6160155U 

61601560 

61601570 

61601580 

61601590 

6 16 0161)0 

61601610 

61601620 

Sl^IST63Xi 

61601640 

61601650 

6T60166(J 

61601670 

61601680 

6160X690 

61601700 

61601710 

61601720 

61601730 



- - 


TNTERD^STR TTODEt^BTTB^ 


TTICKU-PKOliHAH IT^^il 


wiwm 


nsTS -pmt w 






839 


04TA55 
"trOTIJ4ir 


INC 

U"' " 


flAR«RAR 






61601740 




-TJSfl 


BVH0R 




"TOT s BLOCK SYarT ADDRESS 


61601750 




03B 


442A00 


L 


KAR«Q«MR 




(WAR) « BLOCK START ADDRESS 


61601760 






m^stu^ 


* 
^ - 


BLKIUT 


-' -- 


(«0R) = BLOCK END ADDRESS 


61601770 




ust 




6i6dl780 








* 








61601790 








* 








61601000 








■ * 


— - ~ 


■"- " 


- - 


~ eisirrffri^ 








♦ SHIFT / ROTATE INSTRUCTIONS 






61601820 








* 








61601630 






" - 


_ - ^ 


— 





— ■" - " "" -- 


-SISUIBl+D 








* COHE HERE 


FROM 01 FOR SRHLi 


SLHL 




61601650 








* 








61601660 




Mm 


047BOr 


^tHL ri 


" TTAl^tlS 





- "' ■" " " " " " "" 


61601870 




03E 


047600 


SLHL2 LI 


PROtO 




(MRO) = FOR LOGICAL SHIFTS/ROTATES 


6160186Q 




03F 


047D00 


SLHL3 LI 


FLRiO 






61601890 








"» ~ 


- 




-^ ■ - "■ -" "■ 


615Tn:90ff 




040 


A4DC42 


BF 


ARODfSLHLNX 






61601910 




am 


046840 


A 


«DR « tIfOR 






61601920 




0i»2 


0¥7T352 


SLFTLNX 1. 

* 


QilsfffRfYDPl 




TQJ = SHTFT 7 ROTATE RASK 
BURP YD FIELD 


6X601930 
61601940 




0'»3 


06b84C 


W 


MUR»QtHDR»F 




(RDR) = SHIFT / ROTATE COUNT = 0J31 


61601950 






- --- 


* 






ITDT s TRIT 


6I60I96O 




o«n^ 


003003 


L 


StYDHl 




(Q) s (Rl+1) 


61601970 




• 0%5 


A434EC 


BF 


StSHIFTO 




ABORT IF COUNT =0 


61601980 




Of 6 


247D00 


THRUD2 LT 

* 


FLRfTl»C2 






61601990 
61602000 








* COME HEKE 


f^ROM 01 FOR SRHA* 


SLHA 




61602010 








* " 








61602020 




047 


047B0F 


SLHA LI 


MAR* 15 






61602030 




046 


0C300C 


SLHAl L 


YD»YD,F 






61602040 




049 


A4383E 


RF 


LfSLHLS 






61602050 




04A 


047580 


LI 


MRG«»eO» 






61602060 




04B 


0474A0 


tXB 


MROtHRO 




(MROOO) = SIGN BIT 


61602070 




1 04C 


A43C3F 


* 


SLHL3 






61602090 




1 




* CGME MERE 


FROM Dl FOR SRA, 


SLA 




61602100 








* 








61602110 




' 04 D 


047B1F 


SLA LI 


MAR* 31 






61602120 




: 04 E 


A43C48 


♦ 


SLHAl 






61602130 
61602140 








* COHE HERE 


FROM 01 FOR RRL» 


RLLf 


SRLt SLL 


61602150 








«' 








61602160 




: QTjp 


047B1F 


SLL LI 


RAR.3I 






61 6 02170 




1 050 


A4 3C3E 


* 


SLML2 






61602180 
61602190 




[ 




m COPfE HERE 


FKOT^ 112 FDR SLLS« 


SLHL 




^616D220ff 




1 




* 








61602210 




1 051 


047640 


SLHLD2 L 


CNTRtHOR 






61602220 




: ir52 


lC3XfOA 


L 


YD,TO«SL+C0 




SET C FLR5 


€1602230 




' 053 


CC300C 


L 

* 


YOfYD.F+IK 




SET CC 


61602240 
61602250 




1 


'• - - — 


"^ "'* 


- -■ ■ 




- ' ' 


516131f?6ir 




! 




* 








61602270 




1 054 


047640 
IS3ffffA 


SLL02 L 

:" " ' ■ L 


CNTR^HDR 
TD&ISVTUVSL+CO 






61602260 
6160S290 




T m^ 






056 


0C3002 


SLL ID 2 L 


YD* TOP 1 




TO INCREASE YD FIELD 


61602300 





0S7 OC2dOC 

' — OfSB "0C3UUT" 

059 CDD02C 



05A 0476«»0 

I — 1X50 I^30TJ9 

05C A43C56 



IN T EHDA I A HOUtL fe/lfe H Xt KU^HHUWAH U b^gSTffglTnT^ 



PAGE 



YDtO«F 



YDMlfYD~ 
YO»YO»HR0fF+IR 



OR IN SIGN BIT* SET CC 



OSD 0*»76^5 

—asz — nrstnrr 

05F 1*»3000 
060 CDD02C 



TTCI — OC300C 

062 03F100 

063 8(»3865 



-oer 



tXOTDtJO 
0H76^0 



065 

066 m300B 

067^ CC3tJ0C 



06S 047640 
069 10300A 



06B 047640 
06C 103009 
060 R43C56 



06E 
06F 

trrtJ 

071 
072 



057845 
04764C 
A43469 
103000 
0DD020 



077 ^47000 



074 047640 

^1 075 163000 

C^'tTUTS IS501A 

077 103000 



* 

RLt02 L 

T 

S 

« 

SLHA02 INC 

^""•" — -'"t: 

L 



"w 

* COHE HERE 

SRffA02^X 

INVI 
BT 

"*" 

* COME HERE 

BRHUJ2 XT: 
SRHLl L 



CNTR.MDR 
SLL1D2 



6160 2310 
"6160^320 
61602330 
61602340 
6l60l550 
61602360 
61602370 



(MOR) « SHIFT COUNT 
SET C " 



SET CC 



CNTRfHOR 
~TU,YD«SL+CO 
YUfYDtSR 
YD <YD»M ROiF->-IR 

THRU 0R0M2 FOR SRHA 



0<0 <Q) = 'FFFF* 

LtSRHLl 

THRU DR0M2 FOR SRLS & SRHL 



NLONG 

* 

* " 

SRLD2 
SRL102 

* 

"*- 

RRLD2 



L 
L 

W 



* COME HERE 

"*'' ' 



SRAD2 



"* 

SLA02 



DEC 

L 

BF 

L 



LI 



CNTR»MOR 
YD,YD»SR+CI+CO 



CNTRtMDR 
YD&Q«YD«SR+CO 

stLitnr 



CNTRtMDR 

YD»QtYD»SR+CI 

SttlUS 

THRU DR0M2 FOR SRA 

HDRtMDR 
MOR«HDR»F 
-G^fSRLltJ? 
YD&Q»YD«SR 
YD«YD»MRO 
FLff« 0*172 



CNTR«MDR 
YOSQ«YO«SL 

YD&QfYDtSR 



SET CC 



(HDR) = SHIFT COUNT - I (0:30) 

50"Cro "LAST SHIFT 
SHIFT RIGHT Rl « Rl+1 PnCE 
OR IN SIGN BIT 
TOOP THRU 132 



^rrr 



"516023^0 
61602390 
61602400 

-6X5X124lir 
61602420 
61602430 

ST6^cs4irr 

61602450 
61602460 
6«02470 
61602480 
61602490 
^16025110^ 
61602510 
6160252C 

61602540 
61602550 

61602570 
61602580 
6l602^gU 
61602600 
61602610 
61602620 
61602630 
61602640 
61602650 
61602660 
61602670 
61602680 
61602690 
61602700 
616D2710 
61602720 
61602730 
6160^7413 
61602750 
61602760 
61602770 
61602780 
61602790 
61602800 
61602810 
61602820 
6160^83^ 
61602840 
61602650 

61602870 



lirrEITOTVT/r TfOOEt &^?Tr HltRO-PlTO&Rflff 05- 06iReiAl3 



wmr 



t78 A«»3C56 



"trnr 

07A 
©7B 
17C 



8 70 
07E 



TTTF 
080 
061 



063 
08«f 



06 A 
"ffBS 



C?^'-, 



045600 
602000 

cw7cmr 



0<*58HE 
A*f3C19 



tr 0300c 

IC300A 
CC2000 



"STH 
STH2 

----* 

AHH 

'""* 

* COME 
* 
DIFFER 



L 
L 

r 



SLL1D2 



TWRiTWO 
HDRtYD 
QfQtFiy 
FtR1.TyS¥»Tir 



(KDR) s (Rl) 
WRITE HW TO HEHORY 



HDR,YD,HDR«F+CO 
RD2 



SET FLAGS 



HERE IF SIGNS DIFFER FOR CH« CHI * CHR 



ffiTOVF 

YD«rD»SL+CO 

YO«e»IR 



SA V E "ITT Tir^OT SET ^ , L~FL AiJSr 
SET/RESET CARRY 
SET CC. 



057215 
O47B30 
A 43 08 C 



XJS5 Cr50ZC 



066 CDO02C 



I 087 CFb02C 



"UBB rC70^C 



089 CCF03C 



* ILLEGAL INSTRUCTION Op-CODE DETECTED 

TLXG DEC LOCLtJC 131XREPIENT LOt SY^^ 

LI MARflLGPSW 
8 GtWSWP _SWAP PSW 

* ' ' ' 

* COMMON FOR NHR (Dl) X NHt NHI (DZ> 

* 

WHR ¥ TDtYDVRROtF+IR 

* 

* COMMON OHR (Dl) & 0H» OHI (02) 

"W ' ~' " "■" ' "" "'" 

OHR YD«YD»MR0fF+IR 
♦ 

* COWHON XHR r DI ) S XH . THT ( D2 ) 

XHR X YO.YOfMRO.F+IR 

"w "" " " """" '~ ""■" " 

* COMMON LHR (01) * LH* LHI* LIS (02) 

* 

XMR t YCMRF.rHH 

* ' ""■■' ""■ """ """ 

LCS TCMP YD»YSI»F+IR 



03b02C 
S43BTF 



08C C0U02E 



♦ COMMON CHR fDTT T CfJi CFTI (OS) 

* 

CHH X QtYD.MROiF 

BT ttCriFFER 

« 

* COMMON CLHR (Dl) 4 CLHt J^LHI (D2) 

"* ''" '■ "■■ ■ ■ 

CLHR S Q»YD»HR0«CO-«-F+IR 



COMPARE SIGNS OF BOTH OPERANDS 
TF DIFFEHLNT* 6ir"Ttr OrFFOT " 



61602660 
61602690 
61602900 
61602910 

61602930 
61602940 

grs^fso" 

61602960 
61602970 

61602990 
61603000 
6T6B^J(JI0 
61603020 
61603030 
51l^ff31WU 
61603050 
61603060 
6lirG3Cr70 
61603060 
61603090 

sisirsioo 

61603110 
61603120 
5I60TI3G 
6l6031<f0 
61603150 
61153160 
616Q3170 
61603180 
^60"yi9Cf 
61603200 
G1603210 
6I6iy3220 
61603230 
61603240 
61603250 
61603260 
61603 270 
6Il¥Sm3 
61603290 
61603300 
61603310 
61603320 
61603330 
~¥I«U354(r 
616Q33S0 
61603360 
6X6Tr3370 
61603380 
61603390 
6T61I3¥0ir 
61603410 
61603420 
616U3iF3(r 
61603440 



08D 2»»7«t30 



iN TL KDA T A iroD£t"&/TS TfXCRO-PHOliRAK 05-061R01A13 

* ^ 

-nfr-JTOflir THOT THRU DKOHl FOR LIS* AIS S SIS 

I MM L MR0*YSI*D2 



TT^^r 



"ffBE arnnrtr 



08F CC502F 



090 OHTCOO 



091 



XCU02F 



093 

09t 
095 



0C7010 
T3VT220 
CH7C00 



096 



8*tBC9<f 



096 
099 



A*»5C9«f 
C47C00 



GET OLD CC IN FLR 



* COME HERE FOR ACHR (01) & ACH <D2» 

* 

-TJCFT C TERtPSW ^TT-XJOrrC^ITrFLl^ 

* 

* COMMON AHR (01) S, AH» *21L!_ *^? J-^-? 

"■"*■ " ■ 

AHR A YD»YD«MR0«CI*C0*F+IR 

* 

▼ XOHL HERr TTJR SCRR" TUI7~^ 

« 

SCH L FLRiPSW 

* COMMON SHR (01) & SH* SHItSIS (02) 

* 

-^shr^ " -s — "^rn » Y D f MR 1 c r^nco^F^TR^ 

— mr W Br«YU»MRUtF-«-IH 

« 

* 

* "RR""?r~RS ~ URTHSCHES 
* 

* 

* 

BALR L YDtLOC 

"BRANCTrr coir«TiRTr ~ 

NOB L FLR«PSW«IR 

— ar^OnffOPT BTCR rOXT~r BTC (02) 

* 

BTCR BT MSKt BRANCH 

L ^ T^LRTPSTBTTTT 

« 

* COMMON BFCR (Dl) & BFC (02) 



(YD) a INCREMENTED LOC 



BF 
L 



MSKf BRANCH 
FLR«PSW«IR 



09A 
09B 



8H5C9D 
C47C00 



BFCR 

■*" ^ 

* SHORT BRANCHES 



« COMMON FOR BT8S ♦ 8TFS {Ql ) 

BTS BT MSK» SHORTS 
L FLR»PSW«IR 



IF ANY CONDITION TRUE* BRANCH 



09D 



057215 



» COMMON FOR BFBSt BFFS (01) 

-BF^ FT" PfSK*WOB^ 

SHORTB DEC LOC* LOC 



IF AN Y CONDI T IO T^ TROr* t^OW^T BRAWR 
DECREMENT LOC BY 2 



6160BH50 

61603i»70 

_61603«*80 

6l(r03«ff0 
61603500 
61603510 

«ieir5520 

61603530 

6160351^0 

61603550" 

61603560 

61603570 

"BT6ff55Er" 
61603590 
61603600 

^I^36ia 
61603620 
61603630 
€T6U36^U 
61603650 
61603660 

~6I6ir3670" 
61603680 
61603690 

-6I6^037FD 
61603710 
61603720 
616037yir 
61603740 
61603750 
^T6ff3760 
61603770 
61603780 
^I60379U 
61603800 
61603610 
6X60382'5 
61603830 
61603840 
6T6^05»50 
61603660 
61603870 
6T6 03810 
61603890 
61603900 

^i6U39rcr 

61603920 
61603930 
6l60T9Tf^" 
61603950 
61603960 
~61^(r597tr 
61603980 
61603990 

61604010 



— • 


TCWTERU^ATAT WJOtX «riF HTCKO-HKOGRAH 05-061R01A13 KAtot to 






091: 

U9F 


907030 
~?06TJ3TJ 


L QtYSI 
A Q.ffTTSrTDS T^ = TTRFLT^EFOT IN U OF BYTES 


61604020 




61604030 








♦ 


61604040 








» COME HERE THRU 0R0H2 FOR BTBS« BFBS 


61604050 

— -a-M"'j Tif ■ 'la""K~y~K 




' 





''IT 


61604060 




OAO 


012000 


BKWORO TCWP G.Q GET TWO'S COHPLEHENT 

* 


61604070 
61604060 




- ~" ■" — 


— 


Tp-rOHE TIEHE THRU UR0«2 TCm BTFSi BFF^ 

* 


61604100 




OAl 


,046210 


FRWORD A LGCtOtLOC INCREMENT OR DECREMENT LOC 


61604110 




-0A2 


X47C0tJ 


-r FCRVPSW«IH 

* 
* 
TT BRANCH T3W INDEX TWSTRUCTIOWS 

* 


61^04 I^tl 

61604130 
61604140 
'&llB^0413Tr 
61604160 
61604170 
6X604180 
61604190 




0A3 


015025 


BXH S OfMROtYDf JAHCIiCO (Q> = DECREMENTED INDEX - LIMIT - 


1 61604200 




OATJ 


AT» SCATS 


" B~ BYT " '' 

* 


616D¥2rO 
61604220 








♦ COME HERE THRU DR0M2 

" » """ ~ " ^ '^^ "' --— - ---' 


61604230 






«r6II424D 




0A5 


00D02A 


BXLE S Q»YD»HR0»CO (6) = LIMIT - INCREMENTED INDEX 


61604250 
61604260 




0A6 


841 CAB 


"-BXl BT CfBXWOir 


6160427D 




0A7 


047240 


L LOC»MDR 


61604280 




OAB 


C47C00 


BXNOB L FLR»PSW»IR 


61604290 




1 




* 

♦ BYTE HANDLING INSTRUCTIONS 

* ^ ' 

* 

* 

» COHE HERE THRU DR0M2 FDR XB 


"6165431)0 
61604310 
61604320 
616043 JO 
61604340 
61604350 
6r6ff4^6D 
61604370 




0A9 


0474C0 


LB L MROfMDR«CS (MRO 7: 15) = BYTE TO BE LOADED 


61604360 




j 




♦ COME HERE THRU DROHl FOR L8R 

* 


61604390 
61604400 
61604410 




noT^A 


0C70213 


1.BR L YD,W?TJ 


6X614420 




OAe 


0E51FF 


NI VDfYD«»FF» ISOLATE BYTE 


61604430 




OAC 


C47C00 


L FLRfPSWtlR 


61604440 




i 




* ' 

* COME HERE THRU DR0M2 
* 


61604456 
61604460 
61604470 




- TTAU 


~ir659FF 


CtB NT ?fRir,TU7^FFT THROl s LS BYTC^OF TST" OFET^AND 


"61^U4i?8II 




OAE 


0071FF 


LI Qf»FF» 


61604490 




OAF 


0260C0 


N Q«Q.MOR*CS {Q» s LS BYTE OF 2ND OPERAND 


61604500 




~ XTBTT 

1 


c^m^F. 


^ FRD«TiRtnQ«F+rO+lR SET CC 
* 
* COME HERE THRU DR0M2 


" SI&(J4^I0~ 
61604520 
61604530 




L 




♦ 


~ "STSOTfS^F" 




i 






OBI 
0B2 


043400 


STB L MRO » YD 


61604550 




047eA0 
A4.3CTB ^ 


EXB KDR«hRO 
"B STH2 " 


61604560 




61604570 








* 


61604560 







INTERDATA MODEL 


€>/!& 


HICR0-PR06HAH 05- 


•061ReiAlS PA6E 9 


OB<f 
0B5 


* 
0«f7820 STBR 
047801 


L 
LI 


M0R«MR0 

MAR a 


(HDR) a SECOND OPERAND 
(MAR) s ODD 


0B6 
087 
OBB 


0431^00 
047aA0 
2C7240 


L 

CXB 

L 


HROtYO 

«DR««RO 

ySfHDR»02 


(MRO) s 1ST OPERAND 

©ET LS BYTE FROM 1ST OPE 

INSTRUCTION READ THRU OP 


089 


* 

■K 

^ ZCTtrAir EXBR^ ~ 

* 
* 








EXB 


YD«nR0«D2 


IR THRU 0R0«2 



DBA 
OBB 
OBC 
OBD 



OBE 
OBF 
OCO 
OCl 



0C2 
0C3 



TJCt 
0C5 
0C6 



oce 

0C9 
tJCA 
OCB 



a<flC95 
«F5TtF2r 
0(f6A50 
207042 



O43802 
657425 
841C95 
246ASr 



043400 
A43DC7 



01JT4U0 
OC7020 
044000 
A430CR 



003000 
0C71FF 
tE50^0 
A43DA0 



OCC A43DEA 



ir C0HE~HERir 
LM BT 

UEtr 

A 

L 

* COME HERE THRU DR0M2 



CtNOB 

HROtMROtWr 
HAR«Q«MAR 
YDP1.MDR.D2 



STM 



V 

DEC 
BT 
A — 



HDRtYDPl r" 
MRO«MRO«MW 
C«NOB 
HAR»G«HAR«132 



* COME HERE THRU DR0M2 FOR LPSW 

LPSW L MRO«YD 
8 LPSWl 

* COME HERE THRU OROMl FOR EPSR 

♦ 

L YO,MR0 
L PSW«Y S 

'" " B LFSKi" "" " 

* 

* COME HERE THRU DRqM2^ 



TJECREMENT COUNT : 

LOAD GENERAL REGISTER 

STORE GENERAL REGISTER INTO MEMORY 
— INCREME N T IIAR^, L^OP THRU DZ 

SAVE YD IN HRO 



(YD) = OLD PSW 

NEW PSW 



SINT 



L 
LI 

B 



Q«YD 
YD»»FF» 
TD»Ta«T»ROfSL 
SINTl 



SAVE YD IN 0. 

(MRO) = 2ND OPERAND = DBV ADR 

TT01 s 2^ XDEV ADR 



* COME HERE THRU TTRtrnZ 

* 

SVCD2 B SVCl 

""*" " 

* 

» SHORT SHIFTS 



61604590 

61604600 

61604610 

61604620 

616046y(r 

61604640 

6160*650 

616046T0 

61604670 

61604680 

61604690^ 

61604700 

61604710 

61604 7^e^~ 

6160473C 
61604740 
n6l60475r 
61604760 
61604770 
6ItU47BT3 
61604790 
61604800 
616ir4«l0 
61604820 
61604830 

61604850 
61604860 

"61604870 
61604860 
61604890 
61^Q¥900 
61604910 
61604920 

^1604930 
61604940 
6160<f950 
61615 J*^6F 
61604970 
61604980 
6160499U 
61605000 
61605010 

'6r6^ff5ff2xr" 

61605030 
61605040 
Br6U5TJ5U 
61605060 
61605070 
' 616050 BD 
61605090 
61605100 
616ff5inJ 
61605120 
61605130 
61^MIW~ 
61605150 



OXTCr ~ 0'»7S3C 
OCF CC300C 



)DEt^e7ie~HTCR0-PR0BKAH 05-061R0iA13 



* 

~* '~ 

* COMMON FOR SRLSt SLLS (Dl) 
* 

^LTB IT 



PAGE ILW 



616051 60 
61605170 
61605160 
61605190 



BT 
1. 



HDft»YSI»H 

3«THRU02 

YD,YO»F+IR 



~rWJRT~s SHIFT COUFT 
ABORT IF COUNT IS ZERO 



ODD 007071 



ODl 0<t3E01 

002 aoTiinj 



0D3 0«t3E01 

0D5 003A02 

0D6 057f25 

DDT" micuw 

0D8 0^3600 



* RR TYPE I/O INST RUCTIONS 

._^ ^- — 



* COHE HERE THRU DROWl FOR AIR^ 

^^ 

AIR ACK YD 

* 

* XOWHOI^ FOR mmT"T(iDRt KHK» WHRT SSFTi "OCT? 
♦ 
lORR ADR YD 

l_r QTOTDa - 

m 
* 

* BLOCK I/O 

'V CXmE fTERE FOR "RBR » WBTT 
* 
RBRWBR ADR YD 

T, WROVTSrVCTOXSWA 

BUKRRl L MARSQtYDPl 

DEC HRO*HRO 

HF CVBLKRRl 

L HDR , YD 

* 



00D9 
OlfeOfO 
00200C 
843906 

om: ¥02oinj 

ODD 0**7C72 

ODE et^^lD9 

01JF~B^»IUDD 
OEO 202000 



00^ 
ODA 
ODB 



OEl Ot^7ECH 
0E2 DOfiOD? 
0E3 At»3CE7 



(S^L.. 



OtH 0f7%7«* 



GET INTERRUPTING DEV ADR IN Rl 



ADDRESS THE DEVICE 
TBT = 



ADDRESS THE DEVICE 

(MAR) a BLOCK START ADDRESS 



«HUR) = BLOCK END ADDRESS 



* COWIOTJ TO HB»RB«WBR»KBK 
BLKIOl EQU 

s 

BLKI02 L 
BT 

L 

BLKI03 SS 

BT 

BT 

L 
* 

* CORE HERE THRU DROH^ FOR MB S WBR 



QfMDR»Q 

Q « Q 1 F 

LtFINlSH 

QfGTfRR 

FLR 

V+S+L»TERMIN 

Q«Q*D2 



(MAR) = BLOCK START ADDRESS 

roT r r OF~BYTEg T(T BE TRfSNSFEMED 

SET FLAGS HERE 



IF BAD STATUS / TIHE-OUT. TERMINATE 
GO TRANSFER THE BYTE 



WBR 



WO 

DEC 



HORfCS 
RBI 



WRITE A BYTE TO THE DEVICE 
DECREMENT BmrCCTONT 



* COME HERE THRU UR75M2 FTJR^RB X RBR 

* 



RBR 

" * . 



RD 



MRO 



READ A BYTE FROM DEVICE 



* COME HERE FROM EMULATION SEQUENCE FOR AL 



61668209" 

61605210 

616 05220 

6I6052M 

616052(^0 

61605250 

■ 616052615 ~ 
61605270 
61605260 

-6r6e52^^ 
61605300 
6160531 
6160532ir 
61605330 
6160S3<f0 
6X60515511 
61605360 
61605370 

61605390 
6160S«»00 

"B1603¥XO 
61605420 
61605430 

15X605^40 
61605450 
61605460 

61605480 
61605490 

61605510 
61605520 
^1601530 
61605540 
61605550 
¥1601^560 
61605570 
61605580 
6X6¥5?90 
61605600 
616 05610 
61605620 
61605630 
61605640 
"6I^;in5B50 
61605660 
61605670 
6X6115680^ 
61605690 
61605700 
6T605TI0~ 
61605720 



TNTERDftTA ncnjEir^7TB~ffICRXr-PR0GKAH ITS^^Cn&lRTIAl^ 



TJ^GT'Xi 



0E6 
0E7 



60A005 
0«f7A55 



-tf:9 «^f5Eiro 



OEA AU3E32 



OCB 


Af3E«t8 


"tree 


Trt»3»00 


OEO 


0C7110 


OEE 


0E505C 


-OEF 


UCTDWO 


OFO 


A«f3f67 


OFl 


0H7D00 


"0F2 


ftJ»5CBB 



QfOfMW 

HAR«nAR 

BLKI02 



WRITE THE BYTE INTO MEMORY 



DEC 

RBI INC 

B" 

* 
* 
"^"~ "" 

* COHE HERE THRU DROMl FOR DHRl THRU UR0H2 FOR UH 
* 

"DHR B ^ OHRI 

* 

* COME HERE THRU P ROHl FOR MHRl THRU DR0M2 FOR HH 

,.._^ — - 

MHR B HHRl 

* 
li CUffETHERT^HRU UROHX F OR URURT THRir T3Rim2~FUir HHIT 

MHUR B MHURl 

...^^ . -- 

* SHIFT COUNT FOUND TO BE ZERO 

SHXFTrX "MDK TTD 

LI YD«16 

N YD«YDfHAR,F 

BF G,NLONG 
LI FLRtO 
B SLLIDS 



^s?fVEr rmiriTDR 

SEE IF LONG SHIFTS 
TfErSTCEF YD 

YE Sf CL EAR FLR 



61605730 

TJjSoSTfO 

61605750 

61605760 

"6l605rfO^ 
61605760 
61605790 
611^1800 
61605610 
61605820 
616U5fl50^ 
616058<»0 
61605650 

^6l6©SF&e 
61605870 
61605880 

"616018^0 
61605900 
61605910 

6r6tiB9?ir 

61605930 
616059(^0 
"6115X15950 
61605960 
61605970 
61605980 
61605990 
61606000 



I 



Il^fTERDAT A MOOEL S/1 6 H1CRO-PR015RSW U^-gSlROlAlS 



PlfiTSE IS 



ORG 



•lOO* 



61606020 



100 
101 



007102 



* 

♦ ON POWtR UP» UOO* IS JAMMED INTO^ RAR 

♦ ~ '"' "" 

* 
PWRUP 



LI 

FT 



Q«2 
HW.ALDI 



♦;-(¥T ACTIVE OW POWER UP IF 
AcO IS IN THE SYSTEM 



AL^ TS WOT ROOKED UP IW THE SYSTEP 



102 


047B2<* 






LI 


HAR«APSW 


103 


f^WTBZS 






LI 


MBR«ALOC«TrR 


10«* 


OH 7 041 






I. 


PSU«HDR«CYDSSWA 


105 


t*t^750F 






LI 


MRO.IS.HR 


106 


oli7^^Js 






L 


COCfTSDR" 


107 


0't7B22 






LI 


HARiPNTR 


108 


f 020 00 






L 


Q«Q«MR 


109 


0<*7Ai*0 






I. 


RARVRDI^ 


lOA 


457«*25 


LDRE6 


DEC 


MH0«MRO«MR 


lOB 


0C70«f2 






L 


YDPl«FiDR 


IOC 


OifSASO 






A 


RAR.SVTOR 


lOD 


A41D0A 


« 




RF 


C.LDREG 


lOE 


047501 




LI 


WRD « 1 


lOF 


0»^7E21 






ADR 


HRO 


110 


0t7B20 






LI 


MAR. •20» 


111 


«*03000 


4t 




L 


BVYD.Tm 


112 


0H7CHO 




L 


FLRtHDR 


113 


8J*21I5 






BT' 


"V+G+I.tLOCDlS 






* 
* 

Li 


DISPLAY PANEL WAS IN RUN MODE 


llf 


6«fr>D53 




RST 


ARSTtHMF 


115 


0'+7«tlO 


iCOlS 


L 


FmotLoc 


116 


0H79H5 






LI 


HDR«»tf5» 


117 


0«f7B00 


HARD 

* 

OUTDIS 


LI 


HAR.O 


116 


0**7E2# 


WD 


HRO 


119 


0H7EA'* 






WD 


MRO.CS 


"HA 


m7E5^ 






^D 


RAR 


IIB 


0U7E0'» 






WD 


KARtCS 


lie 


047E1-'* 


■ ♦ 




UD 


MDR 






* 

* 
* 
It 


UN-INTERRUPTABLE IDLE LOOP 


IID 


0O2001 


iLE 


L 


Q«Q*CYDSSWA 


HE 


OOcJOOl 






L 


Q.YD«CYD«SWA 


IIF 


B«*AD2F 


TDLEl 


T?T 


ClATWfIDtr>r 


120 


A<fF5lF 


* 
* 




BF 


PPFiIDLEl 


Mf- 1 





LOAD PSW, CLEAR YD FIELD 



LOAD LOC 



LOAD GENERAL REGISTER 

INCREHOFT HTfR ^Y Z 

LOOP TILL ALL REGISTERS ARE LOADED 



ADDRESS THE DISPLAY PANEL 



SA^t YD IN Q FOR HHF 



(FLRJ = SAVED DISPLAY STATUS 0:3 

IF WAS WOT IN RUN TiODE, D1"5PLAY LOC 



IF PROCESSOR IS EQUIPPED WITH AN 
AUTO-RESTANT OPTION* DO HHF PSW SWAP 
DISPLAY LOC IN Dl S'D2 



D4 



INDICATE 


FN 5 


DISPLAY 


IN D3 a 


01 = (MRO 


8 US) 


02 = (HRO 


0J7) 


m = (RAH 


a: 15 1 


D^ = (MAR 


o:7) 


05 = (HDR 


a: 15) 







SAVE YD IN Qt WAIT LIGHT ON 



61606030 
616O60'»0 
616060S0 
6I6i5rglS6D 
61606070 
61606080 
6r606TJ9ff 
61606100 
61606110 
6X606120 
61606130 
616061(»0 
5161561^0 
61606160 
61606170 
616(J6I80 
61606190 
61606200 

61606220 
61606230 
616(^52^0 
61606250 
61606260 
61606270 
61606260 
61606290 
61606500 
61606310 
61606320 
61606330 
616063f0 
61606350 
61^06360 
61606370 
61606380 
61666390 
61606400 
61606410 
61606420 
61606430 
61606440 
61606450 
61606460 
61606470 
61«ff64B0 
61606490 
61606500 
61606510 
61606520 
61606530 
6X60654D 
61606550 
61606560 
61606570 
61606580 



XNTIIRDATA HODLL 6/16 HICHO-PKUKRAM OS-061R(HAia 
« FOWCR IS GOING DOWN 



mm: j^ 



121 
122 

12«» 

125 

~t?6 

127 

128 

t""' 129 ~ 

i 12A 

i 12& 



0«»7B2^ 
0<*7800 
B«r7B26 
O^fTftlO 
647B22 

"«ff 750F 
047A«H 

.007102 

657«t25 
0<»6A50 



HAR«APSW 

HDKtPSW 

HARtALUCTIfW 

MORfLOC 

HARtPNTRtHW 



HAR^MDRtCYO&SWA 
Qf2 



nROtNROtHW 
MAR«Q«nAR 



12D Of78«»»f 
12E: A<f3020 

12F 6*fB5»f3 



PWRDUN LI 
L 

^" xr 

L 
LI 

XX~ 

L 
LI 

savrcg^t: — 

DEC 
A 

* 
POW 

B POW 

IDLEX 8T SNGLfCLRWT 

* 

* CONSOLE SERVICE 

If 

*- IVDOriTCr* WRTt mJNt ^EB TT OR 



save CURRENT LOC 



61606890 
61606600 
61606610 
616066 20 
61606630 
616066<»0 
616Q66S0 



HDRfHORtPOW 



<HAR) a REGISTER SAVE /«^EA START 

SAVE GENERAL REGISTER 

XOOP TILT ALL registers: ARE SAVECT 

W AIT FO R MEHORY WRITE CJDMPLETION 
"STSTETT XIXAR 



130 047501 



132 
T33 
13«* 
135 
-136 
137 
136 
T39 
13A 
13B 

ISO 

13F 

IfO 

' — VfT 

l<f2 



0C718O 

0f7E21 
0C7072 

o*»3<Knr 

0'»770«f 
1^^3000 
D«f7B20 
0H38O0 
6«» 3C00 

8^0559 
8«f?U5D 
0f7A10 
«f 02000 
S«F3964 
8t»3568 



CONSER LI 

Trtnr 

Ik 

LI 

CCT 

ADR 
SS 

LI 
L 

L 
L 

~ ■-^^-- 

BT 

"BT 

L 
L 

-' BT- 

ST 



MR0»1 
TTRTJ 

YDt«ao» 

TTT - 

MRO 
YD 

CNTR»H 
YDfYDfSR 
RAR^»?U»' 
MDRtYD 
FLR»YD,MW 
- TDYO 

SNGUCONTIN 
V«FRREG~ 
MARtLOC 
Q«Q«MR 
"CtAUDWRT * 
G.RDKEY 



IF SNGL« RESET WAIT BIT IN PSW THEN 
DO USER'S INSTRUCTIONS. 



fjrwi^vnsr depressed. 



ADDRESS THE DISPLAT FAJl-L 
YD IS SAVED IN Q 

NDRHAL HODE"^ 



f mnr ^T^ a DTSPtTTr S TiiTUS 17^ 
SHIFT RIGHT YD «♦ TIHCS. 



hr 



w 



01f3 
lf3 OCFlOl 

li»S 065000 
m6 A^30A9 



"*■ 

CLRWT 



EOU * 
TCMPI YD«1 



X»20M12:15) = DISPLAY STATUS 0:3 
fFLR) = DISPLAY STATUS i:3 
~ RESTORE TD 

IF SN6L« GO TO CONTIN 
TTrW~DR RTirii KEYS DCPflESSED 

READ HW SPECIFIED BY LOC 
TOnrurURT KEY DEPRESSED ^ 
RD KEY DEPRESSED 
IF NONE ABOVE* RUN KEY^tS DEPRESSED. 

YD IS SAVED IN Q 



"~L- 
N 
8 



TD^fYDtSR 
PSW* YD .PSW 
SINT2 



RESET WAIT BIT IN PSW 



* SUPPORT ROUTINES 



61606660- 
61606670 
61 60666 

'61606690 
61606700 
61606710 
^1^06720 
61606730 
61606740 

^IBTJ6750 
61606760 
61606770 
61615 678ir 
61606790 
61606800 

^16068ITS 
61606820 
61606830 
6161)6840- 
6160685U 
61606860 
6I6TJ68TD 
61606660 
61606690 

6i60«9xror 

61606910 
61606920 
"6I6Tre93D 
61606940 
61606950 
61606960 
61606970 
61606960 
61606990 
61607000 
61607010 

61607 oar 

61607030 
61607040 
"616C7U50 
61607060 
61607070 
61607080 
61607090 
61 6071 00 

ereimio 

61607120 
61607130 
61607140 
61607150 





INTERDATA MODEL 6/16 


HICRO-PROGRAH 05-061R01A13 PAGE m 






L-- ^ . 





» 






61607160 




♦Axrrsuppo 


RT T XCrA15 FRoGlUTf FROirALO~r?iTD"flEHORY. START EXECUTION. 


6lMfI70 








* 






61607160 






01H7 


ALOl EQU 


*■ 


THE ALO (HW DEVICE) IS ADDRESSED 


61607190 






" * 




ON POWER UP. 


-glfeOTlTff 




1*7 


0'*707«f 


RO 


PSW 


GET P«« 


61607210 




i<fd 

r If 9 


0«»727<f 
0'*7A7»f 


RO 
RD 


LOC 


GET LOC 


61607220 




~~'Tfm 


(ttAR) = PROGRAM START ADDRESS 


^'ZIMJIZW 




IfA 


0C707tf 


RD 


YD 


(YD) =: PROGRAM FINAL ADDRESS 


61607240 




l<fB 


. 14O05C 


S 


YO.YDfHAR»SR+F 


((YD)I = » OF HALFWORDS IN PROGRAM 


61607250 




mz 


fttfSSlXf 


BF 


6 « IDLE 


IF^ NX5l*r-PX)S IT I VCt ABORT UNLOADING SCO bibv fHfau 








* 






61607270 




xw 


0«»787«t 


AL02 RO 


HDR 


(MDR) 3 NEXT HW OF PROGRAM 


61607280 




ii*r 


6CB005 


^ "UtC 


TDrnT»lTO~ 


WRITE THAT^ HW TRTD" MEMORY " 


^16ir729II 




14F 


046 A 50 


A 


HAR.OtMAR 


INCREMENT MAR BY 2 


61607300 




: 150 


AflDfO 


OF 


CiALOa 




61607310 




i 


■ 


""*— - — - 








sisirrszo 




151 


1C700A 


LSU3 L 


YOfPSWfSL+CO 


LOOK a PSW WAIT BIT 


61607330 




152 


A43D06 


a 


EPSR3 




61607340 







- - — 


' i^ . 


" " 


" " 


ereuTisKy 








♦ ON POWER 


UPt CONSOLE WAS IN RUN 


MODE & AUTO-RESTART PRESENT 


61607360 








* 






61607370 




: - 


01^3 


KHF XQU 


'* 


YD IS S«VED~TI^ Q 


61«U73BD 




' 153 


1C7000 


L 


YO«PSW»SL 


LOOK el PSW02 


61607390 




15«* 


1C3000 


L 


YD.YDfSL 




61607400 




155 


1C300A 


L 


TD»TD«SL+CO 


- - .- . ^ - - ^- -" 


6160741U 




156 


0C2000 


L 

* 


YD,Q 


RESTORE YD 


61607420 
61607430 




157 


8«HDBB 


ET 


CfHHALFl" 


aO-TTOi:HrNE WALFUWCTION TNT PS¥ SWAP 


6160744Tr 




158 


A«»30**3 


B 


CLRWT 




61607450 
61607460 








♦ STJGL IS SET 




61607470 








♦ 






61607480 




159 


007102 


CONTIN LI 


Q«2 




61607490 




ISA 


0tf6210 


A 


LOC.QtLOC 


" INCREMENT LOC BY Z 


616(17500 




; 158 


047DOO 


LI 


FLRiO 




61607510 




15G 


AH3C01 


8 


STARTl 


DO USER'S INSTRUCTION 


61607520 
61607530 








♦ FN N OR REG N KtYS DEPRESSED 




61607540 








* 






61607550 




150 


ff»HD75 


FNREG BT 


C«DISPLT 


STATUS! = IXXXXX1(X = NDT FN 


6I6W7560 




15E 


0H7C20 


L 


FLR»HRO 




61607570 




15F 


8<»0175 


DT 


C+V+G+LtDISPLY 




61607560 
616^07590 




160 


0*»7501 


LI 


HR0»1 


CONSOLE INT. (FN 0) 


61607600 




161 


0tt7C80 


EXB 


FLR.PSW 




61607610 




-16^ 


6*HD9E: 


BT 


CVCONINT 


FSWtJ4 s 1, SIWULATE CONSOLr INT. 


«16irT62D 




, ^^' 


A«f3D«f3 


fi 


CLRWT 




61607630 
61607640 








* ADD OR WRTKEt^ DEPRESSED 




6I6t^7(^50 ~ 








* 






61607660 




164 


047674 


ADDWRT HD 


HDR 


(MDR «:15) = (SI SWITCH REGISTER) 


61607670 




165 


OU/OFir 


" 1^^ 


_ -Q-^J,-^- 


~rB"ur;r ) « (s? swiTtH register) 


€1&(J7S80 


"" 


166 


046640 


A 


WDR»Q«MDR 


(MDR) = S2»S1 


61607690 




167 


84356E 


8T 


6«AD0 




61607700 






" - - ---—.- — 


"■ ■* " ^" 


" 




~61'6Crr7IF 








* RD KEY DEPRESSED 




61607720 





169 OH6210 

16 A c»»7«mo 

T^E lyVTATO 

16C 0«»79S0 

160 AtfSDia 



16E o«»72«nr 

16F AH3D15 



170 057215 

171 003000 

172 6HB9B9 

17f fitfAUSO 



175 0H7501 

176 0f7E21 

rrr D«t7«»T2 



178 007020 

0070DO 
Dif6A50 
007TOF 
026A50 



17A 
17B 

rrc 

17D 



17E 05E920 

17F 047C20 

160 8UID8E 

X81 -osactro 

i 182 841510 

! 163 8H2D89 

l" ~18tf -A«»7reiD 



185 0«f787«» 

~T6& -OCTTOF^ 

187 0t^60tf0 

188 A(f308B 



HODEL 6Z16 HICRO-FROGRAH UyiUSIRl 



"RUKET CI 
A 
L 



PACE TS 



61607730 



L 

B 



Q«2tMU 

LOCfQ.LOC 

HROtHDR 


INCREHENT LOC BY 2 
DISPLAY MDR IN 01 & 02 


HA»«LOC 


DISPLAY LOC IN D3 & t3^ 



616077«*0 
61607750 
61607760 



HDR»»aO« 
OUTDIS 



INDICATE HEHORY ADDRESSL'OATA 



61607770' 

61607760 

61607790 



» ADD KEY DEPRESSED 

* 

A0D C 



TltJTiTnjR 
LOCOIS 



n:oin~s-szim~swiTCF~Rrp. 

DISPLAY SWITCH RE6 DATA 



-aS-. 



^ nrit^LvvTSTJfmuisH i/o atn» TTrrrr^wGir^s "ffRtniNirff alfuht: n on 

HELP DEC LOC f LOC DECREMENT LOC BY 2 

* 

HELPl 



L 

BT 
15T 
BT 



Q.YD 
HALFtHMALF 
ATTfiTDT^Tir 
CATN.CONSER 



* 

• TO DISPLAY REG N OR PSW OR LOC 

* "" ^"^ ' " 

MR0»1 

MRO 

WRIT 



OISPLY LI 
ADR 

■"" ~ "SS"'" 



SAVE YD IN Q 

MACHINE MALFUNCTION HAS OCCURED 

REQUEST FOR TnTENTIDW f|<0H I/O 'BUS 

CONSOLE SERVICE OESIRED; 

USER PRO GRAM BEING SING|-E-STEPPED, 

D I SPLAT RES N 13R Pmf UK LUC." 

ETC. 



ADDRESS THE DISPLAY PANI L 



L 

EXB 

A 

CT 

N 

01 

L 

BT 

BT 
BT 
HF 



OfMRO 

RAR-»TI»RRO- 

0«MAR 

MAR«Q«MAR 

Q»T5 

MARaQ«Q«MAR 

MDR»Q«»20» 

FLR«MR0 
C.REGOIS 
FLRTS 
C+G»IDLE 
VrPSHLOC 
XVTUEE 



(MAR) 
(MDR) 

(FLR) 
BIT 4 



N s REGISTER NUiiBER 
•2N» 



= DISPLAY STATUS 
SET (REG N) 



mj 



* 
* 
TT FN 

FNl 



T, KEYS DEPRESSE0 



RO 

RH 

A 

B 



MDR 
SiCS 

PSW*Q«iHDR 
FNll 



r --i»sr oi*7C5o 

16A 843915 



* FN <* OR FN 5 KEYS DEPRESSED 
PSHLTJC 



BT 



FLTTiTHAR 
LfLOCDIS 



TFLRF s STATOSnSTTS 5V6 . T* 
BIT 6 SET (FN H OR FN 3) 

MUST BE FN 1 



(PSW> = SWITCH REGISTER 



(MAR» "= f FUR WSW* ^ FCTil XOC 



61607800 
61607810 
6160762 
61607830 
61607840 
61607850 
"6160786(1 
61607870 
61607680 
6l6ff7S90 
61607900 
61607910 
6160792Tr 
61607930 
61607940 

"61607950 
61607960 
61607970 

"11607^80 
61607990 
61606000 
6I6G8010 
61608020 
61606030 

^160«0415 
61608050 
61606060 
6I6ireOT0 
61608080 
61608090 
6160^100 
61608110 
61608120 
61601130^ 
61608140 
616U8150 
616U^I60 
61608170 
61608 160 
6l60815r 
61608200 
616 0821 
6I6TrS?20 
61608230 
61608240 
6160B25?F 
61606260 
61 6082 70 

~6;i6aBZ8Tr 

61608290 



1N T EP.DA TA MO DEL 6 /16 WTCRO ^ P ROGRAH P5-P6IRin?yi3 



TISTGE 1^ 



■^. 



1 IfiB 


047fOO 


FNll L 

" * 

LI 


«RO«PSU 


i 18C 


0479ft 


MDR.»44» 


' 18D 


A«*3D17 




""* '" 

* REG N KEYS 


HARO 


i 




ARE DEPRESSED 


■ 'Trer 


OOZOOl 


HtGDIST- 


xr.i3i-CTtraS¥A 


lOF 


057A55 


REGN DEC 


MAR, MAR 


190 


043402 


L 


MROtYDPl 


i r9i 


«4^XD6F " 


- ^^-BF 

8 

. . - .... 


TTfKEGN 


' 192 


A43D17 


MARO 






♦ INTERRUPTABLE WAIT LOOP 


1:93 


trTT^UtJl 


WATT X 


B«0»CYU&SWA 


^9t^ 


003001 


L 


S«YDtCYOSSWA 


195 


84D575 


HT 


SNGLtDISPLY 


rT9S 


B49m 


WAITl BT 


TTALF^ATTTiTiELFl 


' 197 


e4AD2F 


BT 


CATNf IDLEX 


1 198 


A45D96 




* 


WAITl 


i 


0199 


lOATN EQU 


* 


199 


84T5AB 


HT 


DATRtlOUHA 


19 A 


047B40 


LI 


MAR,»40» 


T9B 


047CBT5 


EXB 


FLRtPSW 


19C 

1 


AHXDBC 


BF 


C.GENSWP 






* AUTOMATIC 


I/O SER\ricr 


i 19D 


047471 


lOSVC ACK 

"♦" ' ^ " 


MRO 






* 

♦ CONSOLE INTERRUPT 




019E 


CONINT EQU 


* 


1 19E 


003000 


L 


0«YD 


; --T9F- 


TC71J20 


j: ^ 


TDiTTRXFVSL 




OlAO 


SINTl EQU 


* 


i lAO 


045BD0 


AI 


HAR.YD«»DO» 


[— xA^r ■ 


4:C7I^2 


LT 


TD,?VP!R 


! 1A2 


047A40 


L 


HARfMDR 


! 1A3 


047800 


L 


MDRfPSW 


! — tiff 


645 A 50 


^ -^ 


TI1W«TDfHAR,Htf 


i IA5 


047810 


I 


MDRtLOC 


iA6 


645A50 


A 


MAR.YDfMARtMW 


^TJ525D 


" A 


xoc."Ycr.TWF,mr 


1A8 


047040 


L 


PSW»MDR 


1 1A9 


0C2000 


SINT2 L 


YDtQ 


i — HOT"'" 


C47CD0 


^L 


FLRtPSWtlR 


j 




* TO SERVICE 
lODHA EQU 


; DATA TRANSFER REQ 


1' ,..,,. . . 


OlAB 


♦ 



DISPLAY PSU IN Dl & D2 
INDICATE FN 4 



JX€m YD FIEttr 

DISPLAY REG N IN Dl & D2^ 

DISPLAY IN D3 « 04 
MDR INDICATES REG N 



SAVE YD IN Of WAIT LIGHT ON 



HW UKTENTED UFA ON 1/0 EUS 
IS REQUESTING ATTENTION, 

LOOK a PS¥04 



(MRO) = INTERRUPTING DEV ADR 



SAVE YD IN Q 

rXTDT J = ZXUEV ADR " ^ 

FROM SINT EMULATION ROUTINE 



(MAR) = I/O SERVICE TABLE ENTRY 

STORE "OLD F^fcJ 

STORE OLD LOC 
REW LDIT 
NEW PSW 
RESTORE YD 
"TJO TJS^ER"^ TWSTRTJmOT^i 

REQUEST FROM DHA ON I/O BUS 



61600300 
-^61^1X8310 
61606320 
61606330 
~ 6l60ftS4ir 
61608350 
61608360 
— SireWSTTJi' 
61608360 
61608390 
^08400 
61608410 
61608420 
6T6XrS43]3 
61608440 
61608450 
616Q84&0 
61608470 
61606480 

"eie(r649o 

61606500 
61608510 
"'6X6Km52V 
61608540 
61606550 
^1601556ir 
61606570 
61608560 
6I6ir859U 
61606600 
61608610 

61606630 
61608640 
^16^1650 
61606660 
^1606670 
61606666 
61608690 
61606700 
151&067T0 
61606720 
61608730 
616^08745 
61608750 
61608760 

61606760 
61606790 

61608610 
61606820 
¥161(15830 
61606840 
61608850 
61606860 
61606870 



I N TE KUA T A WOOEl. F/IBmiCRO-KKOIiKAH 0S-UtXK01Al3 



"FTOE 



1 
I 


lAB 


0«*7500 


LI 


HROtO 




lAT 


jmTZZX 


AD1? 


HRIT" 


' 


lAO 


0H7A7H 


RD 


MAR 




lAE 
lAF 


0«t7C50 


L 


FLRtHAR 




0TJTXU2 


CT 


"no, 2 




IBO 


e<f39B5 


»T 

* 

TmA¥fm 


LtDHARD 




imr 


41F6A30 ' - 


^HARTlTTWARtlfR 




1B2 


0t7E«f«f 


WD 


MDR 




1B3 


.8^7561 


BT 


DATNtOHAWRT 




tB«» 


c*nrcoff 


" -L 

DHARO RO 


FLTr«PS¥¥lB 


1 IBS 


0*f787*f 


noR 


i - 1B6 


6»feA50 


r-- 


-H«R,-Q,H7rRTlW 


1B7 


6f75B5 


BT 


DATNtDMARD 


IBB 


C*^7C00 


"w 

♦ MACHINE H 

« 

FfHALF TQU 


FLR»PSW»IR 


i 




ALFUNCTION DETECTED 




0IB9" 


""•" * 


1B9 


8«tF5ai 


BT 


PPFtPWRDWN 


IBA 


8tfA030 


ST 


CATNtCONSER 


IBB 


0«f7B38 


HMALFl LI 


HARtOHHPSW 


i- 


- 


» rOWflOTJ F»SW SWAP ROOnNE 


IBC 


OHMOO 


GENSWP L 

■ w^ 

QUEINT L 


MROfYD 


! IBO 


0*»7800 


n0R«PSW 


1 IBE 


007102 


LX 


Q,2 


r TBF 


64BA5D 


- '"' -R 


FTATTTCSTWATTt PiT 




ICO 


Of78lO 


L 


MDRtLOC 




ICl 


6f€.A50 


A 


KAR*QfMAR«MW 




IC2 


Hrrror 


tx 


TFtTVWr 




103 


AHB9C7 


BF 

* 


HALFtLPSWl 


1C4 


^«»F9C6 ^ 


HPEVLsrr 


1C5 


05D8H0 





MDR « YD, MDR 


1C6 


0'+7100 


LSET UI 
LPSWl EQU 


PSW»0 


J 


01C7 


* 


1 IC7 


0t»70*f0 


L 


PSW,M0R 


~TCB rreEA^n 


' - ^ A 


MAR,B,HAR 


1C9 


(f02000 


L 


Q,Q,MR 


iCA 


0472H0 


L 

f J'fcC* t!» ^ ■ " - ■** p\ |-t ■ 


LOCMDR 






~ ffXCB^ 


EPSRl tQU 


9 




1C6 


047C80 


L 


FLRtPSWfCS 




ICC 


Af35D«f 


BF 

■■^"*" 

QUENBL LI 


G,EPSR2 


ICD 


0«t7B80 


HAR,»60» 




ICE 


«»'»7D00 


LI 


FLR,0,MR 




h "TCTF TI^7A»^1} 


""""■"L "" 


"WARfMOR 




100 


H«»7B82 


LI 


MAR,«82»,HR 


-» 


IDl 


0C71FF 


LI 


YO,»FF» 


&.'. Mioa-. 


"~" W 


Y0»YD,MUK,F 




103 


af35BD 


BT 


G, QUEINT 



-KFTOCK DOWN ^ADOT^ESSEir OEVl^ 
FIRST HW IS MEMORY ADDRESS 



READ IF MEMORY ADDRESS IS ODD 

WRITE TO DMA DEVICE 

— FTTCH T«OT I NS I RUC T IDIT T 

READ HW FROM DM A DE VICE 
URTmNTO WEHDRY 
LOOP TILL 'DATN* ACTIVE 



PRIMARY POWER FAIL 
TO EXIT IF MICROPROGRAM HANGS UP 
TirTTATHITREnTOCFONrmJN fS¥ SWAPS- 



SAVE YD IN MRO 



ST^VT OLD FS¥ 
SAVE OLD LOC 



OR IN L FLAG 
RESET MPE & EPF 

FROM LPSW 
NEW PSW 



NEW LOC 
-FROFni»SR^ " 
LOOK a PSW06 



TFART a ITOEUiT A13DRESS 



SEE IF LIST 15 CTPTY 

TAKE QUEUE SERVICE INTERRUPT 



61608660 

"«T50B690~ 
61608900 
61608910 

"^1666920 
61606930 
6160e9<fO 
61608950 
61608960 
61606970 
SX6UB5^60 
61608990 
61609000 

"6ISU9UrD 
61609020 
61609030 
6I609Xn*D 
61609050 
61609060 
61609^070 
61609080 
61609090 
61^09100 
61609110 
61609120 
61609X30" 
616091'fO 
61609150 
6X609XBO 
61609170 
61609180 
6X6(I¥I9r 
61609200 
6160 9210 
6X609220 
61609230 
616092*^0 
6r6"0^9250 
61609260 
61609270 
6160925ff 
61609290 
61609300 
6X609310 
61609320 
61609330 
6X6093«fO 
61609350 
61609360 

~«1609S70 
61609380 
61609390 
6X60r9«F00 
61609<»10 
61609420 

~6X609Jf3ff 
61609440 



IN T CHDA TA fTOUEL ^71F^rrrCR0-T1TOGR«WT^5^TJ61Riri7^T^ 



T>7f5E re 



--M 



IDi» 


ICTDtJA 


tPSRZ 


x 


TDTP5ir»St+CD 


1D5 


0C7020 


* 
EPSR3 


L 


YD«MRO 


-IBS 


WflJi^B 


"^rr 


TY¥ATT 


1D7 


C»*7C00 


* 


L 


FLRfPSW.IR 






* 

♦ USER INSTRUCTIONS EMULATION 


1D6 


0<f7DOO 


FINISH 


LI 


FLR«0 


1D9 


tostrtjo 


TEfmTN L 


a»iQ.TR ^ ' 






* ROUTINE 


FOR AL 


IDA 


BHDDDC 


ALl 


BT 


AnOD«ALX 


IDB 


007100 




LI 


QfO 


IDC 


00&0«*tl 


AtT 


A 


TBtGVTTOK " 


IDO 


0'+7B78 




LI 


MAR,»76» 


IDE 


447B80 




LI 


nAHt 'eo* tMR 


lOF 


O0E05A 




S 


Qf fffRATrnro 


lEO 


e»noDe 




BT 


CfFlNISH 


' lEl 


047EC1 




ADR 


HDRtCS 


ICE 


xmiEmz 


^ 


OC 


PTDR 


1E3 


Gt»7C72 


LEADER 


SS 


FLR 


1E*» 


8'»21D9 




FT 


V+e*LtTERWIN 


1E5 


SitlDEa 




BT 


CtLEADER 


; 1E6 


0t7^7*» 




no 


MRO 


' 1E7 


^^^^2c 




L 


ffRO*nRO«F*FR 


1 1E8 


emtEb 




BT 


G«FROhAL 


1E9 


AfSDE3 


^■ 


R 


LEADER 


: 




♦ ROUTINE 


FOR SVC 


lEA 


0^7820 


SVCl 


L 


RDR »TOO 


lEB 


047B94 




LI 


HARt«9«+» 


lEC 


6tJ7B96 




LI 


HARt»96»»MW 


lED 


0«f7813D 




L 


HDRfPSW 


lEE 


647B96 




LI 


HARi»96»«nW 


lEF 


Oi^zeio 




L 


HDR.LOC 


: TFD 


e«f7B9A 




LI 


flAR,T9A»»MW 


IFl 


007f60 


* 


L 


HROaQfYDI 


; IFZ 


«»D602r 




A 


B»atinROtFm 


' 1F3 


Ot6B9C 




AI 


HARfO«»9C« 


i 1F4 


0't70*f0 




L 


PSWfWDR 


IFB 


IJ020DO 




L 


Q»6,RP 


1F6 


0*f72«fO 




L 


LOCfMOR 


: 1F7 


CH7C00 




L 


FLRfPSWtlR 


f 




li^" 

* 







RESTORE YD 



61609i»50 
61609't&«r 
6l609tt70 
61609(^80 



DO USER'S INSTRUCTION 



CONTINUED HERE 



AL TO TQT address: 

READ BINDV ENTRY a X»78» 

IBt = H OF BYTES TO BE TT^ANSFERRED. 

ABORT IF LESS THAN ZERO 

ADDRESS THE DEVICE 

SET OP TTTE DEVICE 



TERHINATE IF BAD STATUS/TIflE-DUT 
LOOP TILL BSY DROPS 



NON-ZERO BYTE IS READ 
LOOP 



(MDR) = SECOND OPERAND 
WRITE IT a X»9»f» 
WRITE OLD PSW 3 X»96» 
WRITE HTlD LOC a X* 98 ♦ 



READ I^IEH PSW FRDWK'^A' 
(HAR) » ♦9C» + 2(YDI) 
NEW PSW 



NEW LOC 



SIFn¥¥9^Cr" 

61609500 

61609510 

€ieT595^ir 

61609530 

61609 540 

61609560 

61609570 

6160^5511" 

61609590 

61609600 

¥161196^0 

61609620 

61609630 

6I6U961HI 

61609650 

61609660 

«1* 09670 

61609680 

61609690 

^1609700 
61609710 
61609720 
6I6D973D 
616097*^0 
61609750 
6I6U9760 
61609770 
61609780 
61609790 
61609800 
61609810 
61609620 
61609630 
61609840 
616^09650 
61609660 
61609870 
6I6D9S60 
61609890 
61609900 

^;16TJ^9ITJ 
61609920 
61609930 
6X6099«*(3 
61609950 
61609960 

~6TCT9FrD 
61609980 



'■€- 



IN TE RDft T A HODEL 6/16 HICKU^HHU gRAW 05»DfelR01Aia 



"PME — II 



0R6 



•200' 



61609990 



too Oi^TBOO 
201 07F900 

^2tr2 — imrvzcr 

203 8<f3A07 

204 .A'»362A 



* DIVIDE 

dHR 



61610000 
61610010 
61610020 



LI «AR»0 
INVl HDR»0 



IT 

BT 
BF 



HKOtHRO^F^ 

LtMRONEG 

6«0V1 



RESEt REMAINDER FUA© C ♦VE OR ) 

SET auOTlENT FLAG ( -VE ) 

TOOK a DIVISOR 



IT IS ZERO 



205 0«fF*l20 

206 OH7900 



HROPOS TCHP 



NROfMRO 
nOR«0 



MAKE DIVISOR NEGATIVE 
RESET QUOTIENT Ft AG 



207 
"ZVe 

209 

^2irA^ 

20B 
20C 

20D 
20E 



0207 
C300C 
~A<*3A0D 

07FA52 

^0D3UtjR~ 

07F8H3 

0D3 009 

020D 
00502A 
003002 



MRONEG EQU 

L 

~6F 

• 

IMV 

TCW 

INV 
_ TCMH 

YDNNEGtrair 

A 



HARtHA RtYOPl 

YDiYDrcrr 

nORtMDRtYDHl 
YD,YD«CI 
-w — ~ 

Q»YD»HRO«CO 
0«YDP1 



LOOK a DIVIDEND _____ 

DIVIDEND IS NEGATIVE 

SET REHAINOER FLAG ( 'VE J 

COHPLEHEM T L^ FORTIORI CF UIVIDLNU 

INVERT QUOTIENT FLAG 

COMPLEMENT HS PORTION fe'F DIVIDEND 



20F 8t»lE25 



~ZXtr 
211 
212 

"213 
2m 
215 



047«»26 
0C3006 

-oc30tm 

002006 
002006 



BT 

L 
L 
L 

X ~ 
L 
L 



C»OV 

MROTMRO ♦ M/D 
MR0tMRO«M/D 
YD ♦ YD ♦ M/D 
— YD«TD,M70 
QfQ*M/D 
QfQfM/D 



<«) s MS PORTION OF DIVIDEND 
TDTTOW POINTS TO RUTT 
QUOTIENT TOO LARGE FOR 16 BITS 

XO Ar IVISOR T?«TO TT/D BOX ~ " 

LOAD LS PORTION OF DIVIDEND 

LOAD MS PORTION OF DIVIDEND 



"~2T6 0U7U76 
217 047*»78 



« DIVISION 

* 

L 



IS DONE BY THE M/0 BOX ON THE I/O BUS 



i._. 



^1^ urrA5c 

219 A^SAIB 
21A 0*»F*f20 

DTTTB RNNEG 

21B Of76fC 

21C 8*»3A22 

'-"gtO ~ 020 0C 

21E 8<f3A25 

* 
QOK 



2IF D€2003 ~ 
' 220 0C7020 
i 221 C*t7C00 

0222 
^1 222 0*^7000 

22<f A«*361F 



QNEG 



"U"-" 

BF 

TCMP 
TGU 
L 

BT 

t "" 

BT 

"X "■"^" 

L 
L 

EQU 
LI 
"TCMF 
BF 



MROtIO 

MAR»HATr»F 

LtRNNEG 

MROtMRO 

'W 

MDRiMDRfF 
L.QNEG 

LfOV 

Y DM1 tier 

YD,MRO 
FLR»PSWtIR 



^rrmjOTTENT" 
GET REMAINDER 

REMA INDt R TXFEXTED^ TO BE NEGATIVE T 

YES« ADJUST REMAINDER _ 

QUOTIENT EXPECTED TO BII POSITIVE ? 

TES^r-NOW LtJOK a THE mBJTlENT - — 
QUOTIENT > 'I-32767 

TRt+T) = QOOTIEWT 
(Rl) = REMAINDER 



FLRtO 

GTfQtrr 

GtQOK 



COMPtEMENrTRE nBUOTTENr ^ EXAfllNE 
QUOTIENT OK 



61610030"^ 

616100<»0 

61610050 

~6I61ir56Tr 
61610070 
61610080 

-6i6nnj9r 

61610100 
61610110 
6X6101:215 
61610130 
61610110 

6i6njr5u 

61610160 
61610170 
616I01BO 
61610190 
61610200 
BieXUZITT 
61610220 
61610230 
1&16T02«»0 
61610250 
61610260 
6I6I0270 
61610280 
61610290 
616X03 00 
61610310 
61610320 
61610530 
616103f0 
61610350 
61510360 
61610370 
61610380 
616T0390 
61610i»00 
61610410 
616IO«f20 
61610430 
61610440 
-6I6I0if50 
61610460 
61610470 
"6161ir40O 
61610490 
61610500 
61610510 
61610520 
61610530 
616T1J5¥0- 
61610550 



XfTTEITOrrr «00fV r/lB KICRO-I^T^OtSRflW Tr5^TJ«lRtflRI3 



-PSUE — 2fi 



225 



227 

226 

" 229 

22A 

^22B 

22C 

220 

22F 



2315 
231 



232 
233 

235 
236 
237 
236 
239 

29B 

23C 
230 
23E 
23F 



2*f0 
241 

242 
243 

\-■■^^^-■ 

' 245 

I 246 

"24T 



■sL 



0225 
047A5C 
A43A2A 



OOdOOA 
0C 3003 
OD3009 

047846 
ff434^0Tr 
1C700D 
047703 
lXr30tJB 
8410BD 



_____ 

ov 



eUOTIENT < -32768 



L 
BF 



HARtHARfF 



QUOTIENT OVERFLOW DETECTED 



* RESTORE DIVIDEND TO IT S ORIGINAL VALUE* YO^POINTS TO Rl4l 

w ^ " ^ " " "■ ■■ 

TCHP YDfYD.CO 
L YDM1«YD 



POINT TO Rl 



Tcnp — w^^mvciT 



OVl 



OCTOFJT 
CH7C00 



0732 
047B00 
0C3002 

ocsotrc 

A43A3S 
003000 
O7F800 
04742C 
A43A3C 
04F42TJ 
07FA5O 

Bcsoxrs 

0C3006 
047426 
Tr4T42e 



LI 

L 

LI 
X" 
BT 

X 
L 



MAR»»48» 

XTROtTD 

YD«PSWiSL 
CNTRf 3 
TDfYDtSL+C( 
C» QUE INT 

FLRtPSW.IR 



LOOK a PSW03 
00 PSW SWAP IF SET 
HESTURr YF 



* SIGNED MULTIPLY 
flHRI 



NNEGl 



* 
"RNE1S2 



'XEfU 

LI 

L 

X 

BF 

TCHP 
TTNVI 
L 

BF 

TCflP 
INV 

U 

L 

L 

XT 



HARtO 
YDP1«YD 

-YU»rU«X: 

L< NNEGl 

YDtYD 

HAR«C 

MRO»MRO.F 

L.NNEG2 

HROVHRTJ 

HAR»nAR 

TD,YD,fl7D 
YDfYDiH/D 
MRQ.HROtM/D 

nFffrrthHO»n/o" 



RESET FLAG 
bUMP YD FIELD 
XUOIT a nUCTTPtlCANU 

NEGATIVE, COHPLEHENT IT. 

SET TLftB 

LOOK S HLLTIPLIFR 

RECTTrvr^nrOWPLEWEWT IT. 
INVERT FLAB 

LUAD RUXTIFLTC AND INTO W/D "BOIC^ 

LOAD MULTIPLIER 



MULTIPLICATION IS DONE BY THE M/D BOX ON THE I/O BUS 



0C7078 
007078 

047A5C 
A43A4F 

onsotJA 

0C5003 
0D2009 



L 
L 

L 

BF 

TCMP 
L 

TCMP 
"X 



YDtIO 
Q*IO 



MAR, MAR tF 
L« Q0K1 
YDfTDTCXT 
YDMl.YD 
YDfOtCI 
TLRfPSWTTR 



<Pl-H) = LS PORTION OF THE RESULT 
GET MS PORTION OF RES ULT 

RESULT EXPECTED TO BE NEGATIVE 7 
NO, GO SET UP (Rl) = MS PORTION 
TEST COMPXEHETTT IT 



(Rl) = MS PORTI ON OF THE RESULT 
FETCH NEXT USER" INSTRUCTION 



0;^46 



* UNSIGNED MULTIPLY 
HHURl EttU * 



61610560 
6X6X0570 
6161056Q 
61610590 

"5XBixre;DD~ 

61610610 
61610620 
6X6X063 JT 
61610640 
61610650 

61610670 
6161 0660 
6I¥1069a 
61610700 
61610710 
616IDT2U 
61610730 
61610740 
6161 DT50 
61610760 
61610770 
"SXSIirTBir 
61610790 
61610600 

sisiirexff 

61610620 
61610630 
SlfellllltJO 
61610650 
61610660 
"6X61tr87T5 
61610660 
61610690 
616X0900 
61610910 
61610920 
61 61 (19 JF 
61610940 
61610950 
6r61If9S0 
61610970 
61610960 
6X6X0 99B 
61611000 
61 6110 10 

61611030 
61611040 
SI6XIU50 
61611060 
61611070 
6ISXrD6(3 
61611090 
61611100 

~5X6xixrr~ 

61611120 



IN T tRDA TirTtOOEL "67 16 HICRO" FKOliHAW~05«061R01A13 



91(8 003002 

24A 0C3006 

2<»B 0<»7(f26 

"2«Fir tr«F74^6 



2«fD 0C707d 
2«fE .007076 
"a<»r 0H7C0 3 
250 CC2000 
251 



QtYDPl 

- YD«Yl)tH/U~ 
YD«YDfM/0 
HROfMRO«H/D 

-nRO«HRU«H/U 



XOAD MUL T IPLICAND lNT0 'ff7U-&GT 
LOAD MULTIPLIER 



♦ MULTIPLICATION IS DONE BY TH E M/0 BOX O N THE 1/0_BUS 

v ' 

L 

___ L 
QOKl tr " 

L 

END 




(Rl+1) = LS PORTION OF THE RESULT 
GET MS PORTION OF THE RESULT 



61611130 

616111S0 
61611160 
^616X1170" 
61611180 
61611190 

61611210 
61611220 
—616112^0^ 
616112(fO 
61611250 



©•; 



TNTERDATA HDDEIT WTlfi^^ HICKU-HKObKAIT TJ^-CTfiXRTJXAI^ 



PffSr IfS 



m EK 


RORS 




ACH 


ooar 




ADD 


iner 


m 


ADDWRT 


Q16H 


13 


AHM 


007D 




AHR 


ooaF 




A I 


OOOf 




AIR 


00 to 




AL 


-fftJOB 




ALl 


OlDA 


2 


ALOl 


0147 


12 


. At 02 


0XtFD 


-m 


ALOC 


DO 26 


12 r 


AL.X 


01 DC 


16 


APSW 


(TffESf 


12T 


BALR 


0093 




8FCH 


009« 




BFS 


oo.gc"^ 




BKWURD 


OOAO 




BLKIOl 


OOD'? 


% 


0t-KlO2 


O^ODA 


10 


BLKI03 


OODO 


10 


BLKRRl 


00D5 


10 


BRAr-.CH 


009^ 


T, 


BTtH 


00 9f, 




BTS 


009A 




BX 


ff012 




: BXl 


00 A 6 


6 


i BXH 


00A3 




BJfLE 


TJFftS 




BXWOB 


O0A6 


8 


; BXNX 


oom 


2 


5 CHR 


nOTjefi 




! CLB 


O0AD 




j CUMR 


oose 




CLWWT 


0I1t3 


15, 


1 CONINT 


019f 


If 


j CONSER 


0130 


15, 


< CONTIN 015? 


YS 


j DHR 


00£9 




i OHRl 


0200 


11 


1 Dlf-FETT 


UTTTF 


6 


; DISPLY 


0175 


1**, 


DHAHD 


01B5 


17, 


i tmswRT 


OlBl 


17 


j EPSR 


OOCf 




! CPSRl 


OICB 


9 


i "XFSFT? 


oim 


IT 


EPSR 3 


01D6 


l«t 


EXBR 


00B9 




""TINISH OIUS 


xr, 


FNl 


0165 




FWll 


016B 


15 


'- .:FN«£ft • 


OlKO ^ ':■ 


"TIT 



13 



1^ 



r 



m< 



17 



it^, 

17 



i«r 



16 



TW 



INTERDATA HOOtU 6/lli^ HICRO-PHOiRAH 05*06lRWAt« 



"PS^E 13 



JROfW. 

" FRWORD 
GENSUP 
HELP 



^JJAlT 
OIBC 
0170 



18 



6« 

1 



16 



HEtPl" 
I DUE 
iDLEl 
IDLLX 
ILEG 
ILGPSW 

lOATN 
lOOMA 
lORR 
lORX 
lOSVC 
-t3 

tBR 

UCS 

tTDREG 

LEADER 

LHR 

-tn - 

LHNX 
LHSTH 
"L-OCOIS 
LPSW 
LPSWl 
LSET 
LSU3 
HARO 

mm 

HHRl 

KHUR 

IWORI 

HHALF 

MMALFl 

HR0NE6 
MROPOS 
WHR 
NL0N6 
NNE6 1 
' NNEG2~ 
NOB 
OC 
"OCR 
OHR 
OIP$W 
OHHPSK 
OUTDIS 
OV 

xrvi 

PNTR 
POW 

■iPsJWLOvG 
PWRDWN 



Olio 
OllF 
012F 
0082 
0030 
006D 
0199 
OlAB 



12 
ir» 



0001 
0005 
0190 
"XnJA9~ 
OOAA 
0089 

01E3 
0066 
"OOBA 
OOOE 
OOOC 

tnrs 

00C2 
01C7 
UTCS- 
0151 
0117 
(JOES 
023a 
OOEE. 

01B9 
OIBB 
0^153 
0207 
0205 
OOBb 
0067 
0236 
023C 
0099 
0030 
0032 
0066 
0040 
003B 
OllB 
0225 
'022A 
0022 
0120 

oiai9: 

0121 



15, 
X6^ 



15 



15 
16 



T2 
16, 



2 

9, 
17 

15, 

11 

II 
15 
14 
X2 
19 



11 

20 

2ro^ 

7, 



16 



ir»^ 
17 

16 



rr 



17^ 

15 

19, 
-T9T 

12« 

13 
~ X5~ 

17 



19 
ZO 
13 



TWTEFtwmrooEi. ^715 -frra«r=PTnJ5R7^w-inr-^Tr5TKxma3- 



TmE zr 



PWRUP 


0100 




" QREG " 


022Z 


19 


OOK 


02aF 


19 


OOKl 


02»*F-' 


20 


^ eUETIWT 


OIBD 


"IT, 


QUENBL 


OICD 




RBI 


OOE? 


10 


RBR 


aoEQ 




RBRWBP 


00D3 




RBWB 


003t^ 




^BWBNX 


0^038 


_..._.._ J ,. 


RD 


0018 




RD2 


0019 


3, 


RDKET 


01 ea 


13 


RHR 


0025 


3 


REGCilS 


oise; 


15 


- REGW 


015F 


16 


RH 


0010 




RHH 


0020 


3 


RHR 


tnr23 




RLLD?. 


OOSA 




RNNt.6 


021B 


19 


RRLD2 


TTOSB 


. - 


RS 


0002 




RSNX 


OOOA 


1 


RX 


0006 




RXMX 


OOOB 


2 


SAVKfG 


0129 


13 


sen 


a09D 




SHIFTO 


OOEC 


4 


SHORTB 


009U 


7 


' SHR 


0091 




SINT 


00 C« 




SINTl 


01 A 


9 


Himz 


01 A^ 


13 


SLA 


O0«tD 




SLAD2 


007*^ 




SLFfA 


ami 




SLHAl 


OOt^fi 


«+ 


SLHAD2 


0051) 




SLHL 


xnj^D 




SLHL2 


003E. 


•♦f 


SLHL3 


003F 


H 


"StHCDS 


OITSI 




SLHLNX 


OOHi 


(f 


SLL 


004F 




Sn.H)2 


otrss 


5, 


SLL02 


005t 




SLLS 


OOCD 




SRAD? 


ir06E 




SRHAD2 


0061 




: SRHLl 


0065 


5 


SRHt:tr2 


OOB^t 




SRL1D2 


0069 


5 


, SRLD2 


0060 




":SS- 


XrD2I5 




SSR 


002e: 





20 



5. 



S, 



11 



- IN T EROATA HOUtL b/lb fflCKO-PHm^HAH {jfa»OfelR01AlA 



Tmt ZI 



StART 
nSTTtRTT 
STB 

STBK 

STH2 
STM 



0000 



ornjrr 

OOBl 
00B|» 

0O7t5 
OOBC 



TT 



e 



SVUl 

SVCD2 

TERMIN 



THI 

THRUD2 
WAIT 



WBR 

WD 

WUR " 

WHR 

XHR 



OlEA ^ 

OOCC 

01D9 10. 

009a '" 

(tOH6 

0X93 
"0196 - 

OOEl 

ODIB 
" 0U?9 3" 

0027 

0087 



le 



9 

n 

T6 



YDNwtitJ — o^inr 



1^ 



i 



tdb:;:;-'.- 
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PAGE 



000 
001 

oug 

003 
00^ 
005 
OOfc 
007 
OOf, 
009 
OOa 

OOri 

oor 
ooc 
• OOe; 

OOF 



oil 
oia 

013 

ol^ 

oils 
01& 
017 
OlM 
019 
01« 
OlB 

oic 

OlB 
OlE 
OlF 



0000 
0000 

ocoo 

0000 
0000 

oooo 

0000 
0000 
0000 
0000 
0000 

uouo 
ooou 

0000 

ou'oo 

UQOO 



0000 
0000 
0000 
0000 
0000 
0000 

ooou 

0000 

ooou 
oouo 

0000 
OQOO 

oouo 

0000 
0000 
0000 



0062 
0093 
0096 
0096 

ooes 

0U8C 
0066 
0067 
0066 
006A 
006F 
0091 
UJb2 
0082 
OOflL 
0090 



0062 
0062 
0062 
0032 

ooa2 

0062 
0062 
0082 
0062 
0062 
0062 
0062 
0U62 
032 
0062 
0062 



COPYRIGHT INTEROATA tNC. OCTOBER* 1975 



OCTOBER 17» 1975 

t/Ht.MA MAHAjAf^j 



OROM SOURCE IS ASSEKrUEO IN CoNJUNCTXOiM WITH THE WlCROPRaSRAfi'i SOURCE 
OPERAND FIELD IS THE SYMBOLIC ROW ENTRY POINT FoR 01 
COMMENT FIELD SHOWS oP-CODE An^ VALIO INSTRUCTION »''NEn0Nic 
0\'LY THE LEAST StG --IF ICANT BYTE OF THP CODE (iENERATt-D IS ^uSEn 
TwL PROl^l DATA IS COImTAINEO IM THE FOLLOWING ROM CHIP 

19-ie6F09 



DC 
DC 
DC 
DC 
OC 
DC 
LC 
DC 
DC 
DC 
DC 
DC 

rc 

DC 
DC 

DC 



ILEO 

BaLR 

HTCR 

BFCR 

NHR 

CtHR 

OrlR 

XHH 

LHR 

CHR 

AH« 

ShR 

ILEG 

ILEG 

ACH 

SCH 



00 




ul 


BALR 


02 


8TCR 


04 


3FCR 


OH 


NMR 


05 


CLHR 


6 


IHR 


f>7 


XHR 


08 


LHR 


09 


CHR 


DA 


AHR 


na 


SHR 


ac 




QO 




GE 


achr 


OF 


SCHR 



oo-cuDEs 10 - IF ^pe Illegal 



DC 
OC 
DC 
DC 
DC 
DC 
OC 
DC 
OC 
DC 
DC 
OC 
OC 
DC 
DC 
DC 



ILEG 
ILEG 
ILEG 
ILEG 
lLL6 
iLEb 
ILER 
ILEG 
iLECi 
ILEG 
ILEG 
iLLd 
ILEG 
ILEG 
ILES 
U.EG 



Thli informilion ii propriMary and it suppliKl by INTERDATA for tha soli 
purpois of using and maintaining INTEROATA supplied equipment and tht; 
not t>a used for any otiMr purpose unless specifically authorized in writir^ 



06166010 

P6i6jboa.o 

06160030 
D61600(VO 
06160050 
06160060 
D6160070 
P6UQ.OB.0 
D6l6n090 
D6l6nlOO 
D6l$cllO 
06160120 
D(5l6ol30 

0616Q1A0.. 

06l6nl?0 

D6l!^0lf-C 

06l6nl70 
D6l6Plp 
06160190 
0616Q2QO 
D61fen2lO 
D6lAn220 
D61f,n230 
D616n2tfO 
D6160250 
0616S260 
ri6l6027fi 
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